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Multiplex Polymer Ligation 



Technical Field of the Invention 

The invention relates to water-soluble protecting groups and their use in the 
construction of chemically modified compounds, including multiplex approaches for the 
construction of diversity libraries and methods of production and use. 



The synthesis of compounds presents several challenges. Intermediate 
components are typically required in high concentrations in order for a reaction to 
proceed cleanly, efficiently, and to minimize unwanted side reactions. At higher 
concentrations, many intermediates can become more or less insoluble. In some 
instances, a desired reaction component can exhibit poor handling properties even at 
low concentrations. Thus a delicate balance of concentration and solubility can 
influence the rate, quality and yield of a reaction. 

Synthesis of compounds typically proceeds under organic, aqueous, or mixed 
organic-aqueous solvent conditions. Solvent systems are one of the primary factors 
that can be manipulated to alter the reaction and handling properties of the reaction 
components. Many different solvent systems and conditions are available for organic 
synthesis schemes. Unfortunately, similar systems for aqueous or mixed aqueous- 
organic synthesis schemes are limited, and thus the presence of intermediates with 
poor handling properties can be a problem. This is particularly true for the aqueous or 
mixed aqueous-organic synthesis schemes employed for the construction or chemical 
modification of biological compounds, such as lipids, carbohydrates, nucleic acids, 
peptides and polypeptides (including proteins). 

Another problem with the synthesis of compounds in aqueous or mixed 
aqueous-organic synthesis schemes occurs when protecting group strategies are 
employed. For instance, protecting groups are typically used to help avoid side 
reactions with functional groups that would otherwise be present but for the protecting 
groups. A drawback is that most protecting groups have limited solubility in aqueous or 
mixed aqueous-organic solvent systems, and their use can have either no effect or 
further diminish the desired handling properties of intermediates or reaction products, 



Background Of The Invention 
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particularly for biological compounds. As an example, while most peptides and 
polypeptides are soluble under aqueous conditions, they may still exhibit poor handling 
propert.es at higher concentrations, and can be difficult to chemically modify in precise 
ways unless protechng group strategies are employed. Unfortunate*, fully pJL, or 
5 paraally protected pepfldes or polypeptides can be insufficient* soluble in aqueous so 
harsher solvent conditions are required to keep them in solution for reaction or ' 
chemical modification. 

The challenges of compound synthesis also make it is desirable to obtain the 
0 ~° ,eaChrea « tonste P-^- This is partly important when making 

ir, h9 compou ? havin9 sumar °° re « — ~» -pin, 

whera the compounds and intermediates are difficult or time consuming to make 
Thus, the ability to generate diversity in a compound library from common 
intermediates quite often is desired. However, common reaction components and 
diversity elements that provide the variation from compound to compound in a given 
5 hbrary can alter the solubility properties among the compounds, and requires 

dmerenba, condi«ons for their synthesis and manipulation. This can slow down the 
library synthesis process, make it more expensive or prevent eccess to some 
compounds altogether. 

mod^ CCO "" n9ly : a " eed 6X1815 imPr ° Ved me ' h0dS ln * e ~ is ° f —"■»* 
modified compounds, particolany for synthesis methods earned out in aqueous or 

m,xed aqueous-organic systems. Also, a need exists forme rapid synthesis of diverse 
compounds libraries tha, empioy common intermediates w«h poor handling prapertT 
« aqueous or mixed aquecusorganlc systems. The present invention addrasses 
these and other needs. 

Summary Of The Invention 

The invention concerns water-soluble protecting groups and their use in a 
mutoplex polymer protection-Ugation approach for the consfruction of chemically 

mr r ,hods of manu,ao,ure and uses - ,n »- is 

directed to a method of producing a chemical* modified compound. This method 
involves: (a) providing a compound bearing one or moro water-soluble protecflng 
groups, where the water-soluble protecting group comprises a water-soluble polymer 
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and (b) replacing one or more of the water-soluble protecting groups of the compound 
with a chemical adduct to form a chemically-modified compound. The compound 
and/or chemical adduct may be any number of molecule types, such as a lipid, 
carbohydrate, nucleic acid, amino acid, peptide, polypeptide, protein or synthetic 
5 polymer. 

The invention also is directed to a method of producing a library of chemically 
modified compounds. This method includes: (a) providing a compound bearing one or 
more water-soluble protecting groups, where the water-soluble protecting group 
comprises a water-soluble polymer; (b) splitting the compound into first and second 

10 reaction systems; and (c) replacing one or more of the water-soluble protecting groups 
of the compound in the first reaction system with a first chemical adduct to form a first 
chemically-modified compound, and optionally, replacing one or more of the water- 
soluble protecting groups of the compound in the second reaction system with a 
second chemical adduct to form a second chemically modified compound, where the 

15 first and second chemical adducts are different. 

Also provided is a method for producing a chemically modified, ligated 
polypeptide chain. This method involves the steps of: (a) providing a first peptide 
segment bearing one or more water-soluble protecting groups, where the water-soluble 
protecting group comprises a water-soluble polymer, (b) chemically ligating the first 

20 peptide segment to a second peptide segment to form a ligated polypeptide chain 
bearing one or more of the water-soluble protecting groups; and (c) replacing one or 
more of the water-soluble protecting groups with a chemical adduct to form a 
chemically-modified ligated polypeptide chain. 



25 modified ligated polypeptide chains. This method involves: (a) providing a first peptide 
segment bearing one or more water-soluble protecting groups, where the water-soluble 
protecting group includes a water-soluble polymer; (b) chemically ligating the first 
peptide segment to a second peptide segment to form a ligated polypeptide chain 
bearing one or more of the water-soluble protecting groups; (c) splitting the ligated 

30 polypeptide chain composition into first and second reaction systems; and (d) replacing 
one or more of the water-soluble protecting groups of the ligated polypeptide chain in 
the first reaction system with a first chemical adduct to form a first chemically-modified 



The invention further includes a method of producing a library of chemically 
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ligated polypeptide chain, and, optionally, replacing one or more of the water-soluble 
protecting groups of the ligated polypeptide chain in the second reaction system with a 
second chemical adduct to form a second chemically-modified ligated polypeptide 
chain, wherein the first and second chemical adducts are different. 
5 The invention also is directed to kits for performing one or more methods of the 

invention. This aspect of the invention includes a kit having first and second 
containers, where the first container includes a compound bearing one or more water- 
soluble protecting groups, and where the water-soluble protecting group comprises a 
water-soluble polymer. The second container includes a chemical adduct that is 

1 0 capable of replacing one or more of the water-soluble protecting groups of the 
compound in the first container. The kit may further include instructions as well as 
other components, reagents and the like. 

The methods of the invention provide substantive flexibility in that a compound 
of interest can be modified to contain one, or two or more water-soluble polymeric 

15 protecting groups. Also, the polymeric water-soluble protecting groups may be joined 
to the compound through the same or different linkages. An advantage of using the 
same linkages for compounds bearing two or more water-soluble polymeric protecting 
groups is that the replacement reaction will generate compounds bearing the same 
residual groups at the site of cleavage/replacement of the water-soluble protecting 

20 group polymer. Thus, functional groups on a target molecule can be generated to react 
with the same or different chemical adducts, provided the chemical adducts bear a 
mutually reactive functional group that is capable of forming a covalent bond with the 
residual functional group on the compound. 



25 or more water-soluble polymeric protecting groups exhibits better handling properties 
compared to the non-polymer modified versions. This aids in production and overall 
yield of the precursors. Another advantage of the invention is that multiple analogs of a 
given target can be prepared in a split synthesis reaction by taking one or more 
precursor targets that have the same or similar core structure, splitting the precursor(s) 

30 into separate reactions, and then rapidly expanding the diversity of the precursor target 
to generate a final target through the addition of different chemical adducts designed to 
replace the one or more of the water-soluble polymeric protecting groups. 



Another advantage of the invention is that a compound that is modified with one 
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These and other advantages, and features of the invention will become apparent 
to those persons skilled in the art upon reading the details of the invention as more fully 
described below. 



5 Brief Descriptions Of The Drawings 

Figure 1 is a schematic illustrating a multiplex polymer ligation method of the 
invention. 

Figure 2 is a schematic illustrating a synthesis scheme of the exemplary 
synthetic neutropoiesis stimulating proteins SGP-A, SGP-B, and SGP-D using a 

10 multiplex polymer ligation method of the invention. 

Figure 3 is a schematic illustrating the structure of the exemplary synthetic 
neutropoiesis stimulating protein SGP-A. 

Figure 4 is a schematic illustrating the structure of the exemplary synthetic 
neutropoiesis stimulating protein SGP-B. 

15 Figure 5 is a schematic illustrating the structure of the exemplary synthetic 

neutropoiesis stimulating protein SGP-D. 

It is to be understood that the invention described herein is not limited to 
particular embodiments described, as such may, of course, vary. It is also to be 
understood that the terminology used herein is for the purpose of describing particular 

20 embodiments only, and is not intended to be limiting, since the scope of the present 
invention will be limited only by the appended claims. 

Where a range of values is provided, it is understood that each intervening 
value, to the tenth of the unit of the lower limit unless the context clearly dictates 
otherwise, between the upper and lower limit of that range and any other stated or 

25 intervening value in that stated range is encompassed within the invention. The upper 
and lower limits of these smaller ranges may independently be included in the smaller 
ranges is also encompassed within the invention, subject to any specifically excluded 
limit in the stated range. Where the stated range includes one or both of the limits, 
ranges excluding either both of those included limits are also included in the invention. 

30 , Unless defined otherwise, all technical and scientific terms used herein have the 
same meaning as commonly understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and materials similar or equivalent to those 
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described herein can alsc be used in the practice or testing of the present invention 
the preferred methods and materials are now described. All publications mentioned 
here,n are incorporated herein by reference to disclose and describe the methods 
and/or materials in connection with which the publications are cited. 

It must be noted that as used herein and in the appended claims, the singular 
forms "a", "and", and "the" include plural referents unless the context clearly dictates 
otherwise. Thus, for example, reference to "a synthetic neutropoiesis stimulation 
protein" includes a plurality of such synthetic neutropoiesis stimulation proteins and 
reference to "the synthetic neutropoiesis stimulation protein" includes reference to one 
or more synthetic neutropoiesis stimulation protein and equivalents thereof known to 
those skilled in the art, and so forth. 

The publications discussed herein are provided solely for their disclosure prior to 
the flhng date of the present application. Nothing herein is to be construed as an 
adm.ss.on that the present invention is not entitled to antedate such publication by 
virtue of prior invention. Further, the dates of publication provided may be different 
from the actual publication dates which may need to be independently confirmed. 

Detailed Description Of The Invention 

The present invention relates to multiplex polymer-protection and ligation, its use 
in the synthesis of chemically-modified compounds and related uses thereof. 

In one embodiment, the invention is directed to a method of producing a 
compound that is modified with a chemical adduct. This method involves (a) providing 
a compound having one or more water-soluble protecting groups, where the water- 
soluble protecting group includes a water-soluble polymer; and (b) replacing one or 
more of the water-soluble protecting groups of the compound with a chemical adduct to 
form a chemically-modified compound. The compound and/or chemical adduct may 
any number of types of molecule, such as a lipid, carbohydrate, nucleic acid, amino 
acid, peptide, polypeptide, protein or synthetic polymer. 

Replacement of the water-soluble protecting group with a chemical adduct of 
interest is afforded by the presence and cleavage of a cleavable linker that attaches the 
water-soluble protecting group to the compound of interest. The cleavable linker can 
be any one of numerous linkers, the selection of which depends on the intended end 

6 
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use. For instance, the linker can be one that is cleavable by physical conditions (e.g., a 
photolabile linker that is cleaved by light), chemical conditions (e.g., a chemically linker 
that is cleaved by an organic reagent such as an acid, base or other chemical reagent), 
biologic conditions (e.g., a peptide, carbohydrate, lipid, or nucleic acid linker that is 
5 clegved by an enzyme such as a protease, glycosidase, lipase or nucleic acid 
restriction enzyme), or combinations thereof. 

In a preferred embodiment, the linker and cleavage conditions employed are 
selected to generate a residual functional group on the compound at the site of 
cleavage that is capable of reacting with a mutually reactive functional group on the 

10 chemical adduct. Most preferably, the linker and cleavage conditions employed will 
generate a residual functional group on the compound at the site of cleavage that is 
unique relative to other functional groups present on the compound. Where the. 
compound contains one or more similar or identical functional groups relative to a 
functional group generated by the cleavage reaction, and it is desirable to keep such 

15 functional groups. from reacting with the chemical adduct, such chemical groups can be 
protected with a protecting group that is removable under conditions different from the 
cleavage reaction that removes the water-soluble protecting group, i.e., use of 
orthogonal protecting group strategies. 



20 react with a residual functional group on the compound generated by the cleavage 
reaction. Most preferably, the water-soluble protecting group is attached to the 
compound through a cleavable linker having a covalent bond that is displaceable by the 
chemical adduct Examples of suitable displaceable covalent bonds are oxime, 
hydrazone, diol, thioester, selenoester and disulfide bonds. Thus, for instance, when 

25 the covalent bond is an oxime, the chemical adduct may include a reactive functional 
group such as an aminooxy, aldehyde, or ketone. When the covalent bond is a 
hydrazone, the chemical adduct may include a reactive functional group such as a 
hydrazide. When the covalent bond is a disulfide, diselonide, or mixed 
disulfide/selonide, the chemical adduct may include a reactive functional group such as 

30 a thiol or selenol. It should be noted that when using displaceable linker systems, the 
direction of the bond is taken into consideration so that the incoming chemical adduct 
will be able to form / replace the original covalent bond. 



In a preferred embodiment, the chemical adduct is chosen so as to uniquely 
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d^J 3 " 8 ," m ° re eXCiPi6n,S ^ " e emP, ° yed '° Cata " ze ° r °*e™ise promote the 
desrred replacement reaction. Preferred excipients are scavenqero and/nZ ! 

ma, promote an eguilibrium reacUon with an .con.no - JSSTtST 
^ can be emp, oy ed where formattm of the bond between the chenl^ C 
. and me compound ,s favored as compared to formation/re-fotmation of me bond 
the wafer-soluble polymeric pro,ec«ng group and the compound £ 
mstance, where me water-soluble protecting group po lynier is ^ ,„ ^ " 

rrsr le oxime iinker ' an amin °° xy - ~ — - — ■£ ~ 

may be added as a scavenger and/or equiiibrium driver to aid in keeping an oxime 
bond from re-forming between the impound and the proteCng group rSo7 
selenol compounds, such as thiopheno,. setenophenol, mercapJL a d Pelican be 
ampioyed where the wa,e,so,ub,e protecflng group ^ J «" 
compound via dleulfrde. disetonide, mixed disuiMe/seienide. thioesteror seienoester 
Hydros for hydrazone images, dials for dio, linkages etc. can be employed^ 
rmrlarfashkrn. Other extents indude salts, buffe*, chao. ro paa. denial 
detente and me like. Of course a given excipien. or combination of exZnte their 
daagn and opt a paracu|ar ^ ^ & ^ g 

cond„ ro ns such as P H. iigh. and ,empe ra ,ure may a,so be opbmized in a simila ZiL 
fbllowrng standard matrix type approaches. " a similar fashion 

With respect to the watar-solubie polymeric protecting group, the polymer 
component will p^erably include a repeat unit comprising a po^ene o^e a 
poiyamrdealkyleneoxkre, or derivatives thereof. M os.p referab ,y JepZCene 
oxrde and polyam.de alkylana oxide include an ethylene oxide repeat 721 

Zll ^T° h ^ Wa,er - S0 ' Ub,e >"*"*« — ™ - «-a o 
branched, rncludmg dendrimer structures. In a prefers embodiment, me water- 

a™ Iso m0StPre,erred Water - SO,ubte ^ te *g group polymers of me invention 
are mono-drsperoe. r.e.. a single molecuiar species as distinguished from netero- 
rteperse compounds composed of mu, B p,e di«eren. molecular species. UUIizattm of a 
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mono : disperse water-soluble protecting group polymer has the advantage of permitting 
the construction of compounds that also are mono-disperse. 

In a preferred embodiment, the compound will comprise two or more water- 
soluble protecting groups, The water-soluble protecting groups may be joined to the 
compound through the same or different linkages. An advantage of using the same 
linkages is that the replacement reaction will generate compounds bearing the same 
residual groups at the site of cleavage of the water-soluble protecting polymeric group. 
Thus, functional groups can be generated on the compound of interest to react with the 
same or different chemical adducts, provided the chemical adducts bear a mutually 
reactive functional group that is capable of forming a covalent bond with the residual 
functional group on the compound that is generated by removal of the water-soluble 
polymeric protecting group. . . 

in another embodiment of the invention, a method is provided for producing a 
library of chemically modified compounds. This method includes (a) providing a 
compound bearing one or more water-soluble protecting groups, where the water- 
soluble protecting group comprises a water-soluble polymer; (b) splitting the compound 
into first and second reaction systems; and (c) replacing one or more of the water- 
soluble protecting groups of the compound in the first reaction system with a first 
chemical adduct to form a first chemically-modified compound. Thus, the original 
compound bearing one or more water-soluble protecting groups is made in conjunction 
with a first chemically modified compound. For additional diversity, this method can 
optionally include replacing one or more of the water-soluble protecting groups of the 
compound in the second reaction system with a second chemical adduct to form a 
second chemically modified compound, where the first and second chemical adducts 
are different. 

In another preferred embodiment, the invention is directed to a method of 
producing a chemically-modified ligated polypeptide chain. This method involves the 
steps of (a) providing a first peptide segment bearing one or more water-soluble 
protecting groups, where the water-soluble protecting group comprises a water-soluble 
polymer; (b) chemically ligating the first peptide segment to a second peptide segment 
to form a ligated polypeptide chain bearing one or more of the water-soluble protecting 
groups; and (c) replacing one or more of the water-soluble protecting groups with a 
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chemical adduc, to form a chemicajly.modifled » 8 ated pofypepbde chain. While the 
pepbda segments can hava tha same or similar amino acid saquances, thay will 
preferably comprisa non-ovadapplng amino acid sequences of a polypepbde chain 
target. In a praferrad embodiment, tha polypaptida chain comprises an amino acid 
sequence of a protein. Thus, tha mathod may furthar induda folding of tha polypaptida 
Cham to form a protein. For ligation, ona or mora of ft. paptlda sagmante can be 
parbally protected with protecting greups othar than tha watar-so.ubla protecting greup 
polymer. Alternatively, ona or more o, the peptide segments can be unprotected a 

to .17° TT° gmUPS 0,her tha " ^ Wa,er - S0luble P—* W Polymer.' The 
.0 gabon methods may employ any chemoselacbva bgabon chemisby capable of llgabng 
unprotected peptides in aqueous solubon. Prefemad ligation methods are selected 
from nattve chemica. ligabon. extended native chemical ligation, psaudo native 
chemica, ligabon, oxime forming chemica, ligabon, hydrezone forming chemical ligabon 
oxazo d,„a forming chemica, ligabon, .haizolidlna forming chemica, Ifcation. and ' 
15 thioester forming chemica, ligation. 

In another preferred embodiment, the Invention is directed to a method of 
producing a library of chemicaBy-modified ligated polypeptide chains. This mathod 
Involves: (a) providing a first papbda segment bearing ona or mora water-soluble 
protecbng groups, where «he water-soluble protecting group includes a water-soluble 
■0 Polymer, b) chemically ligating the flrs, pepbde segment to a second pepbde segment 
to form a l^ated polypeptide chain bearing one or more of the water-soluble pretecting 
gmups; (c) splitting tha ligated polypeptide chain composKion into first and second 

oMhT TTT <C " reP,a ° ina °" e °' n " M — «*bto P^ng 3-oups 
of fte „ga,ed polypeptide chain in the M reaction system with a flrs, chemical adduc, 

to form a flrs, chemlcal.y-modttled ligatad polypaptida chain, and. optionally. rap,acing 
one or more of tha water-solubte pretecbng groups of the llgatad polypepbde chain in 
the second reaction system with a second chemical adduc, to form a second 
chemlcaKy-modifled .igated polypepWe chain, wherein the Are, and second chemica, 
adducts are different. 

> Also provided are kite for performing one or more methods of the invention In 

parbcular, the invention Is directed to a kit comprising flrst and sacond container In 
th,s embodiment. ,ha flrs, container includes a compound bearing one or more water- 
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soluble protecting groups, where the water-soluble protecting group comprises a water- 
soluble polymer. The second container includes a chemical adduct that is capable of 
replacing one or more of the water-soluble protecting groups of the compound in the 
first container. The kit may further include instructions as well as other components 
reagents and the like. 

As noted above, the water-soluble polymeric protecting groups employed in the 
.nvent,on can be exploited to render a target compound or intermediate thereof of 
mterest soluble in water, as well as to generate libraries of compounds that are 
chemically modified with one or more chemical adducts of interest, such as a lipid 
carbohydrate, nucleic acid, amino acid, peptide, polypeptide, protein or synthetic ' 
polymer. By "water-soluble polymeric protecting group" is intended a polymer that is 
soluble in water and is removable under chemically defined conditions. Preferred . 
water-soluble polymers, including those utilized for the water-soluble polymeric 
protecting groups of the invention are those described in PCT Publication Nos 
15 WO 02/19963 and WO 02/20033. Briefly, these water-soluble polymers can be 
represented by the formula: 

Un-s1 -B-s2-Polymer-s3-J* 

U is a residue of a unique functional group that is capable bonding with, or is covalently 
bonded to a target compound of interest. In particular, the U group is capable bonding 

20 wrth, or ,s bonded to a mutually reactive unique functional group n of one or more sites 
on a target compound of interest, such as a peptide segment of a peptide or protein 
and where n is a discrete integer from 1 to 6. More preferably n is a discrete integer 
from 1 to 4, and most preferably from 1 to 2. Exemplary processes of forming the 
polymers suitable for use in the invention are illustrated in PCT Publication Nos WO 

25 02/20033 and WO 02/1 9963. 

Preferred embodiments of U and n are covalent bonds formed from unique 
mutually reactive groups, where such bonds are selected from oxime, amide amine 
urethane. ether, thioether. ester, hydrazide, oxazolidine. thaizolidine, thioether ether 
and ester. The most preferred U and n bond is one where U is covalently bonded ton 
30 through a bond formed by chemical ligation selected from the group consisting of 
am,de, oxime. thioester. hydrazone. thaizolidine, and oxazolidine. For use as a 
removable protecting group, the most preferred U and n bond is one where U is 
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cova.en.ly bonded to „ through . ^ ^ by 

S^p coning of oxime. thioeste, hydrazone. thal^ne. and 

.he ox,me, throester, hydrazone. thaizolldine . oroxa201idine tha , ^ 

b ,ng cleaved or otherwise displaced in a reaction that generates func«ona~ 
> ^e regenerated functional group n can then be „«ii,oHf„ .. group n. 

wnh a ohemloa, adduct of interest ^ m0dmCa,i ° n 

B is a branching core having three or more arms that may be the same or 
different and may be present or absent. Most preferabiy B is present and comprises at 
three or more am,, in periocular, one arm o, B is joined to U (optonaiiy thmugh a 
spacer or tinkers,,, and a second arm of B ,s joined to Potymer ( op Jaily Zugh a 

ZZ° f ^^^^'--inv.icnatteastonaZe 

bron ,„g arms of moiety B compHses a resMue of bond se.ected.fmm me gmup 
coning o, ox,me, amide, amine, urethane. thtoether, ester, hydrate. oxLLe 
A Pmfened branching gmup B comprises a baching com seized 
from the group consrsUng of amino, carboxytate and mbred amino-carboxytate. 
Profaned amrno branching cora compdse .ysine. prefened carboxyiate branching com 
compnse glutamic oraaparilc acid, and pretend mixed amino-oaTboxylate blchl 
com comprises gamma-giutamic acid, or derivatives thereof " 

^ ^ ^T' C ° mPOnem 18 3 substentia »y water-soluble polymerthat may be 
the same or ddferen. where B is present. By Vater-soluble polymer is intended a 

200 Daltons (Da). When employed as a protecting gmup. the Polymer wi.l prefe ra b,y 
have an effective hydmdynamic molecular «e ight of greater than 500 Da, and nTre 

: :t« 800 to 2o ' oo ° Da ' and mosi p ^ ab ° ut 800 * ^.oo D r; 

effete hydmdynamic molecular weight" is Intended the affective wa.er-so.va.ed size 
of a p^ymer chain as determined by agueous-based size exclusion chromatograX 
(SEC,, when .ha water-soiubie polymer contains polymer chains having polygene 

nTanT Un " 8 ' r " e ' hy,ene ^ ^ " ,S * « -h oZ 

have an atomrc molecuiar weigh, o, between about 200 and about 5000 Da and 

preferably between about 300 and about 3000 Da. wKh 500 te abou. 1000 Da being 

most preferred. The smailer molecuiar weigh, water-soluble poiymerlc pmtecti g 

groups are advantageous to the extent tba, the intermediates or te^et Lmpo nd to 
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which they are attached not only have improved handling properties in aqueous 
solutions, but also can be separated/purified from other components after a given 
reaction at the like. Unless referred to specifically, molecular weight is intended to refer 
to atomic molecular weight. 
5 Nevertheless, the Polymer component can have a wide range of molecular 

weight, and polymer subunits. These subunits may include a biological polymer, a 
synthetic polymer, or a combination thereof. Examples of such water-soluble polymers 
include: dextran and dextran derivatives, including dextran sulfate, P-amino cross 
linked dextrin, and carboxymethyl dextrin, cellulose and cellulose derivatives, including 

10 methylcellulose and carboxymethyl cellulose, starch and dextrines, and derivatives and 
hydroylactes of starch, polyalklyene glycol and derivatives thereof, including 
polyethylene glycol, methoxypolyethylene glycol, polyethylene glycol homopolymers, 
polypropylene glycol homopolymers, copolymers of ethylene glycol with propylene 
glycol, wherein said homopolymers and copolymers are unsubstituted or substituted at 

15 one end with an alkyl group, heparin and fragments of heparin, polyvinyl alcohol and 
polyvinyl ethyl ethers, polyvinylpyrrolidone, aspartamide, and polyoxyethylated polyols, 
with the dextran and dextran derivatives, dextrine and dextrine derivatives. It will be 
appreciated that various derivatives of the specifically recited water-soluble polymers 
are also contemplated. 

20 Water-soluble polymers such as those described above are well known, 

particularly the polyalkylene oxide based polymers such as polyethylene glycol "PEG" 
(See. e.g., "Polyethylene glycol) Chemistry: Biotechnical and Biomedical Applications", 
J.M. Harris, Ed., Plenum Press, New York, NY (1992); and u Poly(ethylene glycol) 
Chemistry and Biological Applications", J.M. Harris and S. Zalipsky, Eds., ACS (1997); 

25 and International Patent Applications: WO 90/13540, WO 92/00748, WO 92/16555, 
WO 94/041 93.WO 94/14758, WO 94/1 7039, WO 94/1 8247, WO 94/28937, WO 
95/11924, WO 96/00080, WO 96/23794, WO 98/07713, WO 98/41562, WO 98/48837, 
WO 99/30727, WO 99/32134, WO 99/33483, WO 99/53951 , WO 01/26692, WO 
95/13312, WO 96/21469, WO 97/03106, WO 99/45964, and US Patents Nos. 

30 4,179,337; 5;075,046; 5,089,261; 5,100,992; 5,134,192; 5,166,309; 5.171,264; 
5,213,891; 5,219,564; 5,275,838; 5,281,698; 5.298,643; 5,312,808; 5,321,095; 
5,324.844; 5,349,001; 5.352,756; 5,405,877; 5,455027; 5,446,090; 5,470,829; 
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5,478,805; 5,567,422; 5,605,976; 5.612.460; 5,614549; 5.618.528; 5.672 662 
5,637.749; 5,643,576; 5.650,388; 5.681 ,567; 5,686,1 10; 5,730,990; 5.739 208' 
5.756,593; 5,808.096; 5.824. 778; 5.824.784; 5.840,900; 5,874.500; 5.880 131- 
5.900.461; 5,902,588: 5,919.442; 5.919.455; 5,932,462; 5,965,119; 5.965 566-' 
5.985.263; 5.990,237; 6,011.042; 6,013.283; 6,077, 939; 6,113,906; 6 1273S5- 
6,177,087; 6,180,095; 6.194,580; 6,214,966). 

The more preferred Polymer component comprises a polyalkylene oxide 
polyamide alkylene oxide, or derivatives thereof. A more favored polyalkylene oxide 

mSZT a ' ky ' ene OXWe C ° mPriSe a " OXlde repeat unit °< formula - 

(CH2-CH2-OK An even more preferred Polymer component is a polyamide having a 

molecuiar weight greater than about 500 to 5000 Daltons of .he tamuia -(C(C»X-C(0)- 

NH-Y-NHJn- or^H-Y-NH-cpj-X-C^n, where X and Y are divalent radi cate J 

may be the same or different and may be branched or linear, and n is a discrete integer 

from 2-100, and more preferably from 2 to 50. and where either or both of X and Y 

comprises a biocompatible, substantially non-antigenic water-soluble repeat unit that 

may be Iinear or branched. The most preferred water-soluble repeat unit comprises an 

ethylene oxide of the fomrula -<CH 2 -CH^,-or-(CH 2 -CH 2 -OK The number of such 

wa ar-soluble repeat units can vary significantly, but the more preferred number of such 

unite ,s from 2 to 500. 2 to 400, 2 to 300, 2 to 200, 2 to 100, 2 to 50, 2 to 40, 2 to 30 2 

to 30. 2-10 and most preferably 2 to 6. An example of a more praferrad embodiment is 

where one or bo* o, X and Y is se.ec.ed from: -«CH.,„ 1 - ( CH 2 -CH 2 -OWCH^-> or - 

(CH^-(<>CH 2 .CH 2 >«.(CH^.). where nl is 1 to 6. 1 to 5. 1 to 4 and mos. preferably 

1to3,andwheren2is2to50.2.o25,2.o15,2.o10.2to8,2to7,2to6 2to5 2 
to4 and most preferab,y 2 to 3. An exampie of a highly preferred embodiment is where 
X ,s -<CH 2 -CH 2 )-. and where Y is ^H 2 -(CH 2 -CH 2 -0)3-CH 2 -CH 2 -CH 2 )- or -(CH^CH,- 

. The Polymer component or one or more of the spacers or linkera, when present 
may .nclude polymer chains or unite that are biostable or biodegradable. For example 
Polymers with repeat linkages have varying degrees of stability under physiological ' 
conditions depending on bond lability. Polymers with suet, bonds can be categorized 
by their relative rates of hydrolysis under physiological conditions based on known 
hydrolysis rates of low molecular weigh, analogs, e.g.. from less stable to more stable 
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polycarbonates (-O-C(O)-O-) > polyesters (-C(O)-O.) > polyurethanes (-NH-C(O)-O-) > 
polyorthoesters (-O-C((OR)(R-)). 0 -) > polyamides (-C(O)-NH-). Similarly, the linkage 
systems attaching a water-soluble polymer to a target molecule may be biostable or 
biodegradable, e.g., from less stable to more stable carbonate (-O-C(O)-O-) > ester (- 
C(0)-0-) > urethane (-NH-C(O)-O-) > orthoester (-0-C((OR)(R))- 0 -) > amide (-C(O)- 
NH-). These bonds are provided by way of example, and are not intended to limit the 
types of bonds employable in the polymer chains or linkage systems of the water- 
soluble polymers of the invention . 

Component J* is a residue of pendant group having a net charge under 
physiological conditions selected from the group consisting of negative, positive and 
neutral. This includes alky., aryl. heteroalkyl, heteroaryl, arylalkyl, acyl, alkoxy, a.keny. 
alkynyl, amideo, amino, carbonyl groups and the like, that are substituted or 
unsubstituted. and as well as salts thereof. Neutral groups preferably are alkyl or 
alkoxy groups, and can include, but are not limited to moieties containing from 1 to 18 
carbons, and may be linear or branched. When provided as a charged group J* 
comprise an ionizable functional group. Examples of functional groups include, but are 
not l,m.ted to, carboxylic acids, esters, amides, nitrites, thiols, and hydroxyls. Such J* 
groups may be a component of amino acids, nucleic acids, fatty acids, carbohydrates 
and derivatives thereof, and moieties such as chitin. chitosan, heparin, heparan sulfate 
chondroitin. chondroitin sulfate, dermatan and dermatan sulfate, cyclodextrin, dextran ' 
hyaluronic acid, phospholipid, sialic acid and the like. J* preferably comprises an 
ionizable moiety selected from carboxyl, amino, thiol, hydroxyl, phosphoryl 
guanidinium, imidazole and salts thereof. The most preferred is where J* comprises an 
.omzable carboxylate moiety and has a net positive or net negative charge under 
physiological conditions, as the presence of the charged group further aids in 
increasing solubility in water. 

The components s1 , s2, and s3 are spacer or linker moieties that may be the 
same or different, and may be individually present or absent. Preferred spacers or 
linkers include linear or branched moieties comprising one or more repeat units 
employed in a water-soluble polymer, diamino and or diacid units, natural or unnatural 
amino acids or derivatives thereof, as well as aliphatic moieties, including alkyl, aryl 
heteroalkyl, heteroaryl, alkoxy, and the like, which preferably contain up to 18 carbon 
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atoms or even an additional polymer chain. Most preferably the spacer or linker 
comprises a polymer chain. | 

as " Un B pTTT" ,0mU ' a Un " s1 - B -^—3- J - can be roprosented 
as Un-B-Polymer^- where the s1 , s2 and s3 groups may be present or absent 

U ,1 R T T B T P ° lymer CO^,POnen, ' S °" e Wh6re ,he polymer 

U-sl^sa-Potymer-s^. is produced in total by stepwise synthesis. This permits 

construction of powers having a precise molecular weight and defined stnrcture in 

contrast, normal polymer synthesis, which is a polymerization process, results in a 

mature in which chains are of differing lengths, and so then, is a distribution of 

molecular weights and sizes that are difficult if not impossible to separate. The ability 

to control molecular purity is advantageous in that a synthetic protein can be 

constructed that has a water-soluble polymer attached thereto and that is 

monodisperse. This represents a significant advantage in that variable properties 

««tag from heterogeneous compounds can be avoided, and only those compounds 

15 w,th the most preferred properties can be preparod and isolated with relative ease 

As noted above, water-soluble polymers that aro made in total by stepwise ' 

assembly can be made as monodisperse. for example the preferred polyamide 

ethylene oxides of .he Invention. In accordance with this aspect of the invention a 

solution to the above-idenflfied problems of polymer heterogeneity and diversity * 

involves the production of biocompatible polymers of me formula -[CO-X-CO-NH-Y- 

NHln- which cs.mbine.he advantages of both po.ypep.ides (precise length, convenient 

synthesrs, and w ("precision .ength polymer"), a flexible, amphlphilic, non- 

rmmunogenic. polymer not susceptible to proteases) Rose, K. et al. (U S Patent 

Application Serial No. 0g/379.297. herein Incorporated by reference). Such PLP 

moieties can be synthesized in any of a variety of ways. Such moiefles are. however 

preferably produced using a solid phase stepwise chain assembly of units, rather than 

a polymerization process. The use of such an assembly process permlis the moiefles 

of a proparatton to have a defined and homogeneous stmcturo. as to their length, the 

nature of therr X and Y substtiuents. the positions) (I, any) of branch points, and the 

length, x and Y subsfltuents. and positions) of any branches. Methods of particular 

interest for synthesis of such PLP moieties is described in, for example, PCT 

Publication Nos. WO 02/19963, WO 02/20033, and WO 00/12587 
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mono H T" PrefenBd embodimem b °" e ^ere ■» water-soluble polymer b 
mono-d,sperse (,e.. a moiecularly homogenous composition co ntainjng . .' S 

»e,nven*on be mono-d,s p9 rse as well, for example, as synthetic peptides and 

o nTe L , 7 TO ^ adVante9e °' "*» h ^ - -old the 

Problems of punf,ca«,on and ana,y«ca, cba ra c,e ri za.,on as when hete^Hsperse 

powers amoved. Such compounds are advantageous tn tenns of eZucibto 
ana og,ng and the lite as we,, (tor example, a sin flte modular species as op^T 
mixtures typical of PEGylated targets). a as opposed to 

Accordingly. prop e rt ies of the potymer-modified compounds of the invention can 
bended by Pmcisely adjusting me sites and linkage chemistries of po, Z 
attachment ,n combined with the preciston adjustment o, the moteouL weigh, me 

andthependan group (e.g.. charged versus uncharged, or mixtures thenaof, o, the 
w*er-so,ub.e polymer. ,n particular. ,„ addition to increasing the water hydration and 
~we,g , of a p rote ,„ t0 improve hand „ ng propertes ^ « 

branch,ng etc.. the water-soiubie polymer attached thereto can render the tamet' 
= n to have a precise charge, as measured by isoeiectdc point that " be 

an* K ' 3 ^ S °' U,ton W Ph3Se SyStem ,0 m0dulate *. handiing pnjerties 
and/o subsequent attachment of a tange, poiymer. A pnaferred embodiment 7Z 

s r:r us r c,ed ,o compounds and ^ - «■**» - »i« 

as well as toe water-soluble polymeric protecting group s utilized the re for partculariv 
structo^ly denned water-soluble protecting group polymers the, are capab e ^ g 
***** pre-selected posittons designed Into a compound torgeted f rchem'ca 

~°b n a , as a one or more se9ments * *— L 

and for subsequent permanent chemical adduct modification 

As noted above, a preferred embodiment of the invention is directed to a method 
for producng a chemtoaliy modified, ligated polypeptide chain, and a metCo, 
Pacing a library of chemically modKied .igated polypeptide chains. B o^Hhe se 
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methods reply on .he chemical ligation of peptide segments. In a preferred 
embod.mem, the peptide or polypeptide is synthetic A peptide or polypeptide for 
protein) is said to be "synthetic" if non-recombinan, technology has been employed to 
polymerize some, and most preferably all. of its amino add residues. The tem, "non- 
recombinan. technology" is intended to distinguish technologies that involve organic 
chemistry and other synthetic po.ymeriza.ion approaches f rom technologies involving 
the translation of RNA into protein, either in vivo or in vte, Synthetic peptides and 
proteins include totally synthetic and semi-synthetic peptides and proteins. A totally 
synthettc peptide or protein is produced where all ligation components are man-made 
by chemical synthesis, i.e.. ribosomal-free synthesis. A semisynthetic peptide or 
protem is produced where at least part of a .igation component is made by biological 
synthesis, i.e., ribosomally in a cel. or ceMree translation system, and another part is 
made by chemical synthesis. The synthetic peptides and proteins employed in the 
invention preferably include at least 5-10, 10-20. 20-25. 25-30. 30-35, 35-40 40-45 or 
45-50 chemically assembled amino add residues, and more preferably indude greater 
man 50. and even more preferably greater than 75 chemically assembled aminb add 
rescues when the proteins are larger than 75 amino acids in length. Most preferably 
me ammo acid residues of a syn.he.ic peptide or protein employed with the methods of 
me invention will be assembled in total by chemical synthesis 

In a preferred embodiment, the synthetic peptides and proteins employed in the 
mvenbon comprise a polypeptide chain having an amino add sequence of a 
ribosomally specified protein, where the polypeptide chain comprises one or more non- 
overlapping peptide segments covalently bonded by one or more chemica. ligation 
s,tes. By "chemical ligation site" is intended .he N-terminal amino acid of a fire, peptide 
or polypeptide and ,he C-.erm.nal amino add of a second peptide or polypeptide ma. 
form or are capable of forming a nonreversible covalen. bond therein behveen by 
chemical ligation. As used herein, "chemical ligation" refere to a chemosetective 
readion involving me covalen. joining of two chemical moieties, each of which moieties . 
bears a mutually reactive functional group .ha. is uniquely capable of forming a non- 
reveraible covalen. bond with the other. Chemical ligation indudes covalen. Ilgaflon of 
(1 ) a f,rst peptide or polypeptide bearing a uniquely reactive C-temtinal group with (2) a 
second peptide or polypeptide bearing a uniquely reactive N-tenoina. group, where the 
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C^rmlna, and N-,ermina. reactive groups form . non . revers|b|e 

between. In particular, chemical ligation includes any chamoseiactive reaction 

chemistry that can be applied to ligation of unprotected peptide segments. Most 

. ::::irr 0 r ly ~ d pro,ein ,s — and — — * — 

in thA ,1" T" Preferred emb0diment ' the P1*l« and proteins employed 

,n <he .nvention may include one or more non-genetically encoded amino acids or 
chem-cal groups. By "non-genetically encoded" is intended an amino add that is other 
man one of the nbosomaily instalied 20 genetically encoded amino acids. For instance 
• .n a prefers embodimenf. the symhetic peptide and proteins of the invention win 
compnse one or more irregular amino acids. As used herein the term "amino acid" is 
.tended to include the 20 genetically coded amino adds, rare or unusual amino adds 
•ha. are fbund ,n nature, and any of the non-naturally occurring amino acids, such as 
..regular amino acids; sometimes referred to as amino acid residues when in the 
context of a peptide, polypeptide or protein. As used here, "irnegular amino acid" refem 
to an am,no acid having a non-genetically encoded side chain, a ncvgenetically 
encoded backbone, a non-genetically encoded subs.iti.ted Na or <xC(0) moiety or a 
combination thareof. i.e.. other man one of the nbosomaily installed 20 genetically 
encoded amino adds. Examptes of preferred Irregular amino acids include amino 
acds having side chains bearing a unlgue functional group other man a genetically 
encoded fttnctiona. flro up, as we,, as pseudo amino acids and various amino acid 
derives. In mis regard, the present invention permite wide selectebility and flexibility 
«ta design, construction and/or final composition of a particular synthetic peptide or 
protein of interest. H 

Examples of non-ribosomally installed amino acids that may be used in 
accordance wim the Invention include, but are no, limited to: D-amino acids, 0-amino 
Z ; PSe ; d °- 9lUtemate ' P^o-glutamine. aminoisobutiyate (Aib). aminobutyrate 
(Abu,, nodeucine, ornithine, homocysteine. N-substfiuted amino adds (R. Simon at a/.. 
Proa Natl. Acad. Sci. U.S.A. (1992) 89: 9367-71 ; WO 91/19735 (Bartlen efa/.). U S 
Paten, 5,646.285 (Baindur). «-aminomethyleneoxy acetic acids (an amino acid-Gly ' 
d.peptide isostere). and a-aminooxy adds and other amino add derivatives having 
non-genetically non-encoded side chain function groups etc. Peptide analogs 

19 




Atty. Dkt: GRFN-047PRV 



containing thioamide. vinylogous amide, hydrazino, methyleneoxy, thiomethylene, 
phosphonamides, oxyamide, hydroxyethylene, reduced amide and substituted reduced 
amide isosteres and ft-sulfonamide(s) may be employed. 

Additional non-genetically encodable chemical groups of particular interest are 
those comprising a chemical adduct of interest, including small molecules and 
polymers and the like, such as dyes, drugs, lipids, carbohydrates, nucleic acids, 
detectable markers, metal chelators, toxins, and water-soluble polymers. In one 
embodiment of particular interest, the synthetic peptides and proteins employed in the 
invention include small molecule adducts. Such small molecule adducts are preferably 
attached to the N- and/or C-terminus of the synthetic peptide or protein of interest. 
Such small molecule adducts include groups capable of forming a covalent bond to the 
N-terminal amino or C-terminal carboxyl group of an amino acid residue. Examples 
include, but are not limited to, capping groups such as acyl, amide, and other amino 
acid capping groups, as well as methyl glycine (betaine), dimethyl glycine and other 
irregular amino acid analogs, and as well as acids such as succinic acid or other similar 
acids, depending on the intended end use. The attachment can be through any 
number of covalent bonds, including, but not limited to, amide, amino, ester, thioester, 
selenoester. ether, thioether, selenoether, Schiff-base (non-reduced or reduced) and 
the like. Inclusion of such groups may aid in protection of the N- and/or C-terminus 
from proteolytic degradation, and/or stability. They also may aid in improving the 
synthesis and handling properties, including solubility in aqueous solution and in aiding 
in the formulation of a pharmaceutical preparation and its application to a subject in 
need thereof. 

Non-genetically encodable changes of particular interest are those that provide 
altered terminal and/or side-chain properties, and especially for the site-specific 
attachment of a water-soluble polymeric protecting group or other chemical adducts of 
interest. For instance, small molecules and polymers and the like, such as dyes, drugs, 
lipids, carbohydrates, nucleic acids, detectable markers, metal chelators, toxins, and 
water-soluble polymers, are advantageously attached through non-genetically 
encodable chemical groups that bear functional reactive groups other than present on a 
genetically encoded polypeptide chain. Thus, in another preferred embodiment, 
synthetic peptides and proteins employed in the methods of the invention have a water- 
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soluble polymeric protecting group attached to an irregular amino acid of a polypeptide 
chain thereof. More preferred irregular amino acids for attachment of a water-soluble 
polymeric protecting group thereto employ chemoselective ligation chemistry that can 
be used in the presence of genetically encoded functional groups without reacting with 
them, such as those described herein. 

In a preferred embodiment, the invention is directed to such synthetic peptides 
and proteins having one or more water-soluble polymeric protecting groups attached 
thereto. Preferred synthetic peptides and proteins have a water-soluble polymeric 
protecting group attached at a site that includes, but is not limited to one or more of the 
following sites selected from the group consisting of: N-terrninus, C-terminus, and an 
internal residues exposed on the surface of the folded protein. In particular, positions 
of modification for the synthetic peptides and proteins of the invention include residues 
located in a disordered loop, region or domain of the protein, immunogenic sites, and/or 
at or near sites of potential protease cleavage. 

The most preferred synthetic peptide and proteins employed in the invention 
have one or more water-soluble polymeric protecting groups attached to at least one 
site corresponding to a glycosylation site of a ribosomally specified peptide or protein. 
Accordingly, in a preferred embodiment, the ribosomally specified^peptide or protein 
comprises one or more glycosylation sites, and a water-soluble polymeric protecting 
group is attached to the polypeptide chain at one or more sites corresponding to one or 
more the glycosylation sites of the ribosomally specified peptide or protein. In a 
preferred embodiment, the water-soluble polymeric protecting group is attached to the 
polypeptide chain exclusively at one or more sites corresponding to one or more such 
glycosylation sites. These aspects of the invention include synthetic peptides and 
proteins where the ribosomally specified peptide or protein is recombinantly produced. 
Accordingly, the ribosomally specified peptide or protein can be a natural or a non- 
natural peptide or protein, the latter of which can further include one or more non- 
natural glycosylation sites. 

By "glycosylation site" is intended an amino acid sequence of a protein that 
encodes for the enzymatic attachment of an oligosaccharide (carbohydrate) chain to 
the side-chain of an amino acid residue of the amino acid sequence of the protein; 
exemplified by N-linked and O-linked glycosylation sites. It will be appreciated that 
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proteins that have been mutated to eliminate one or more of such glycosylate sites 

, WI " "* P0Si9 ° n ^ "» — ■ ** -naKralty occutring glycosylatton site" is 
.ntended a glycosylatton site of a glycopro , ein fo(jnd h ^ ^ 

r a m zr ~ sKe " b imended a 9,y ~ * - - £2- 

'"^^"mentsynthettopepBdesorproteinsaremcdmedwithaw^ 
solubte polymeric protecttng groU p that Is attached to a side-chain of an aminlTaTa 
Satton arte of «he pepHde or protein. These compounds are syn,hes*ed bTZtg 
> fatten product having an unprotected side-chain ttmcttona. group a. the JL ZZ bv 
%a.,ng a firs, peptide or polypeptide segment having an N-Jrml ami^d " 
compns,ng a chemoselecttve reactive functtonal group, such as a cysteine to a second 
pepttde or polypeptide having a .igatfcn compatthle C-termina, fun Jona, g lp Z 
as a ^rbo^ mloester, and attaching a water-eoluble polymerfo profec, ng gmupt 
heunpro.ec.ed side-chain Wo, funottona, group atthe ligation site, for example 
trough a d,sp,aceab,e or reducible (I.e., Ceavable, disulfide or mixed disulfide bond 
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In another preferred embodiment, ,he inventton may employ a synthetic pepttde 
opmtem comprising a polypeptide chain comprising an an*o acid seguen JoT 
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invention, such determinations of molecular weight are to be made by theoretical mass 
calculations, including specific mass calculations for mono-disperse water-soluble 
protecting group polymers, as well as an average molecular weight range for 
heterodisperse water-soluble protecting group polymers. The term "monomer 
molecular weight" is intended to refer to the molecular weight of a monomer of a water- 
soluble protecting group polymer, as distinguished from polymers that may possess 
multiple copies of a given polymer. For example, exemplary preferred water-soluble 
polymeric protecting groups of the invention have a water-soluble polyamide repeat unit 
of the formula -[NH-CCHz-CCHa-CHa-OJa-CHz-CHz-CHz^NHCCO-CHz-CHs-CCOMn- 
where when n=1 the polymer construct is designated 1PLP, or where n= 2, 3, 4, 5 or 6 
is designated 2PLP, 3PLP, 4PLP, 5PLP and 6PLP, respectively. Such PLPs have 
monomer molecular weights ranging from about 300 kDa to about 2000 kDa.. However, 
-much larger constructs are considered to be well within the scope of the present 
invention. Most preferably, such water-soluble polymeric protecting groups will have a 
discrete number atoms, as distinguished from an average number of atoms or 
molecular weight range. 

As noted above, at least one of water-soluble polymeric protecting groups will be 
attached through a cleavable linker to the target compound of interest, such as a side 
chain of an amino acid sequence of a target peptide or polypeptide of interest. 
Production of a synthetic peptide or protein bearing water-soluble polymeric protecting 
groups can be envisioned as having the following steps: design, peptide synthesis, 
peptide ligation, (optionally, folding of the full-length ligation product to generate 
protein), and assessment of the peptide's or protein's desired characteristics. The 
incorporation of one or more non-genetically encoded amino acids occurs at the 
peptide synthesis and/or ligation stage. Modification with a water-soluble polymeric 
protecting group thus can be performed at one or more of the peptide synthesis, 
ligation or on the folded product steps. 

In general, it is preferred to attach a water-soluble polymeric protecting group to 
the peptides prior to ligation, or to the ligation product prior to folding in the case where 
a protein is being made. Peptides and proteins produced in this manner that exhibit 
desired solubility and ligation characteristics are selected and represent synthetic 
peptides and proteins of the invention having one or more water-soluble polymeric 
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chemoselective group that is uniquely and mutually reactive with the first 
chemoselective group, and (4) replacing the water-soluble protecting group polymer 
with a chemical adduct. 

Ligation schemes useful in the production of synthetic peptides and proteins of 
the present invention, as well as methods and materials for carrying out same, are 
described in WO 02/19963 and WO 02/20033. 

In conjunction with the design, the peptides or polypeptide segments utilized for 
synthesizing the polypeptide backbone are constructed. Methods useful in the 
synthesis of peptides and polypeptides backbones are described in, for example, PCT 
Publication Nos. WO 02/20557 (extended native chemical ligation); WO 02/20034 
(pseudo-native chemical iigation);WO 98/56807 (solid phase native chemical ligation); 
and in U.S. Pat. Nos. 6,307,018 (native chemical ligation); 6,217,873 (polyoxime 
compounds); 6,174,530 (homogenous polyoxime compositions); and 6,001,364 
(hetero-polyoxime compounds). 

In general, synthesis of a peptide or polypeptide backbone by chemical ligation 
involves selection of suitable ligation sites that are chosen based on the ligation 
chemistry selected for assembling the various polypeptide backbone segments, the 
reversible (or cleavable) polymer attachment chemistry chosen for a given target 
peptide or protein, and the particular polymer attachment sites. When native chemical 
ligation is employed, cysteine ligation sites are determined by scanning the target 
polypeptide backbone amino acid sequence for suitable naturally occurring cysteine 
residue. When "Extended Native Chemical Ligation" is employed, ligation sites can be 
selected by scanning the target polypeptide backbone amino acid sequence for 
suitable naturally occurring ligation site junctions that permit robust ligations. Because 
extended native chemical ligation is not limited to ligation at cysteine residues, any 
number of residues may serve as the ligation site junction. In some instances, a 
combination of native and extended native chemical ligation may be part of the design. 
In a preferred embodiment, native chemical ligation is used to generate part or all of the 
full-length polypeptide chain. Cysteines present in the naturally occurring protein on 
which the synthetic neutropoiesis stimulating protein is based can be used as the 
chemical ligation sites. However, where a preferred ligation junction is devoid of a 
suitable cysteine, the non-cysteine amino acid at that position can be replaced with a 
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cysteine so a s to permit native chemical ligation at that site. If desired, the newly 



introduced cysteine can be converted to a pseudo amino acid residue, corresponding to 
the original amino acid at that position, as described herein. For instance, pseudo 
amino acids formed by conversion of cysteines at native chemical ligation sites is 
referred to herein as "Pseudo Native Chemical Ligation" and is described in detailed in 
WO 02/20034. 

Alternatively, when the cysteine is introduced at a site for polymer protecting 
group modification, the side chain thiol can be exploited for the attachment of a thiol- 
reactive water-soluble polymer construct, provided that all other cysteines in the target 
polypeptide that one does not wish to modify are protected. 

In another preferred embodiment, extended native chemical ligation can be 
utilized to generate part or all of the full-length polypeptide. For this method, N-terminal 
-Na,substituted 2 -or 3 carbon chain alkyl or aryl thiol amino acids may be employed. 
Such residues (where present at the N- terminus of a peptide or polypeptide segment 
used for ligation) can be advantageously used to ligate that polypeptide to a 
polypeptide having a C-terminal a-carboxy thioester moiety, in accordance with the 
methods of extended native chemical ligation described herein. 

Typically, the synthesis of peptides employs stepwise standard Boc and/or Fmoc 
solid phase peptide synthesis using standard automated peptide synthesizers, or 
manually following standard protocols, or ordered and purchased from commercial 
vendors. ("Synthetic Peptides, A User's Guide," G.A. Grant, Ed., W.H. Freeman & 
Company, New York, NY.1992; "Priciples of Peptide Synthesis, 2nd ed.," M. 
Bodanszky, Ed., Springer-Verlag, 1993; "The Practice of Peptide Synthesis, 2nd ed.," 
M. Bodanszky and A. Bodanszky, Eds., Springer-Verlag, 1994; and "Protecting 
Groups," P.J. Kocienski, Ed., Georg Thieme Verlag, Stuttgart. Germany, 1994; "Fmoc 
Solid Phase Peptide Synthesis, A Practical Approach, Eds. W.C. Chan and P.D. White, 
Oxford University Press, 2000). For peptides utilized for thioester-mediated ligation, 
such as for native chemical ligation, they can be made following standard protocols as 
well, (see, e.g., Dawson et al., Science (1 994) 266:776-779; Canne et al. Tetrahedron 
Lett. (1995) 36:1217-1220; Kent, et al., WO 96/34878; Kent, et al., WO 98/28434; 
Ingenito et al., JACS (1999) 121 (49):1 1369-1 1374; and Hackeng et al., Proc. Natl. 
Acad. Sci. U.S.A. (1999) 96:10068-10073); Amiato et al., supra.). 
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For ligation and aite-specific attachment of water-soluble polymeric protecting 
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Thus, the water-soluble polymeric protecting groups can represent be made to 
posses a wide range of functional groups, such as those described above. For the 
partial or no protecting group strategy, the functional group U on the water-soluble 
polymeric protecting group and its mutually reactive functional group n present on the 
target peptide or polypeptide employ a chemoselective reaction pair in which other 
functional groups may be present in the reaction system but are unreactive. This 
includes groups amenable to amine capture strategies (e.g., ligation by hemiaminal 
formation, by imine formation, and by Michael addition), thiol capture strategies (e.g., 
ligation by mercaptide formation, by disulfide exchange), native chemical ligation 
strategies (e.g., ligation by thioester exchange involving cysteine or thiol contain side- 
chain amino acid derivative), and orthogonal ligation coupling strategies (e.g.. ligation 
by thiazolidine formation { by thioester exchange, by thioester formation,, by disulfide 
exchange, and by amide formation)(See, e.g., Coltart, DM., Tetrahedron (2000) 
56:3449-3491). 

As noted above, a preferred chemoselective U group for this embodiment will 
comprise a residue of a unique functional group employed in an aqueous compatible 
ligation chemistry such as native chemical ligation (Dawson, et a/., Science (1994) 
266:776-779; Kent, et aL, WO 96/34878), extended general chemical ligation (Kent, et 
a/., WO 98/28434), oxime-forming chemical ligation (Rose, et aL, J. Amer. Chem. Soc. 
(1994) 116:30-33), thioester forming ligation (Schndlzer, et aL, Science (1992) 
256:221-225), thioether forming ligation (Englebretsen, etaL, Tet. Letts. (1995) 
36(48):8871-8874), hydrazone forming ligation (Gaertner, etaL, Bioconj. Chem. (1994) 
5(4):333-338), and thiazolidine forming ligation and oxazolidine forming ligation (Zhang, 
et aL, Proc. Natl. Acad. Sci. (1998) 95(16):9184-9189; Tarn, et aL, WO 95/00846) or by 
other methods (Yan, L.2. and Dawson, P.E., "Synthesis of Peptides and Proteins 
without Cysteine Residues by Native Chemical Ligation Combined with 
Desulfurization," J. Am. Chem. Soc. 2001, 123, 526-533, herein incorporated by 
reference; Gieselnan etaL, Org. Lett. 2001 3(9):1 331-1 334; Saxon, E. etaL, 
'Traceless" Staudinger Ligation for the Chemoselective Synthesis of Amide Bonds. 
Org. Lett. 2000, 2, 2141-2143). 

Given the various attachment chemistries described above, the bond formed 
between the water-soluble polymeric protecting group and a target peptide or 
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polypeptide can comprise a residue of a bond selected from carbonate, ester, - 
urethane, orthoester, amide, amine, oxime, imide, urea, thiourea, thioether, 
thiourethane, thioester, ether, thaizolidine, hydrazone, oxazolidine and the like. The 
most preferred bonds are hydrazone and oxime bonds that are removable by a suitable 
5 displacement reaction, e.g., hydrzide for displacing a hydrazone bond, or aldehyde, 
ketone, aminooxy for displacing the oxime bond. Disulfide or mixed disulfide type 
• bonds can also be employed, where they are displaceable using thiols, mercaptans 
and the like. Where the bond formed between the water-soluble polymeric protecting 
group and the peptide or polypeptide of interest is not displaceable, then a cleavable 

10 linker can be employed that is provided by the target peptide or polypeptide (e.g., on a 
side chain of an irregular amino acid) or the water-soluble polymeric protecting group 
itself. In this embodiment, the cleavable linker will typically be one that can be cleaved 
under conditions that maintain the integrity of the peptide or polypeptide. 

For instance, weak base or acid cleavable linkers typically employed in peptide 

15 synthesis are suitable for this purpose. Such linkers usable with the invention include, 
for example, PAL (5-(4'-aminomethyl-3 , ,5 , -dimethoxyphenoxy)valeric acid, XAL (5-(9- 
aminoxanthen-2-oxy)valeric acid). 4-(alpha-aminobenzyl)phenoxyacetic acid, 4-(alpha- 
amino-4*-methoxybenzyl)phenoxybutyric acid, p-alkoxybenzyl (PAB) linkers, photolabile 
o-nitrobenzyl ester linkers, 4-(alpha-amino-4'-methoxybenzyl)-2-methylphenoxyacetic 

20 acid, 2-hydroxyethylsulfonylacetic acid, 2-(4-carboxyphenylsulfonyl)ethanol, (5-(4'- 
aminomethyI-3',5'-dimethoxyphenoxy)valeric acid) linkers, WANG hydroxymethyl 
phenoxy-based linkers, RINK trialkoxybenzydrol and trialkoxybenzhydramine linkers, 
and Sieber aminoxanthenyl linkers. PAM, SCAL, and other linker systems may also be 
used. These linker systems are cleavable under well known acidolysis conditions 

25 (typically trifluoroacetic acid (TFA) or hydrogen fluoride (HF)), UV photolysis (A« 350 
nm) conditions, or catalytic hydrogenation conditions. 

The peptide ligation step may employ solid or solution phase ligation strategies, 
particularly those as exemplified in PCT Publication Nos. WO 02/1 9963 and 
WO 02/20033. For example, precision attachment of a water-soluble polymeric 

30 protecting group to a peptide segment employable for ligation and production of 

synthetic peptides and proteins bearing such group or groups can be accomplished by 
first employing solid phase peptide synthesis ("SPPS") (e.g., Fmoc or Boc SPPS), in 
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which an amino acid side chain-targeted for polymer attachment is protected with an 
orthogonal protecting group (e.g., if using Fmoc SPPS, a Boc group can be used to 
protect the site of polymer attachment, or if using Boc SPPS, an Fmoc group can be 
employed as the orthogonal protecting group). Following peptide synthesis, the 
orthogonal protecting group is selectively removed while the rest of the peptide remains 
protected. This affords a single attachment site for the next step - solid phase polymer 
synthesis. Once the orthogonal protecting group is removed, the water-soluble 
polymeric protecting group or a precursor thereof can be readily attached. 

As noted above, chemical ligation involves the formation of a selective covalent 
linkage between a first chemical component and a second chemical component. 
Unique, mutually reactive, functional groups present on the first and second 
components can be used to render the ligation reaction chemoselective. For example,, 
the chemical ligation of peptides and polypeptides involves the chemoselective reaction 
of peptide or polypeptide segments bearing compatible unique, mutually reactive, C- 
terminal and N-terminal amino acid residues. Several different chemistries have been 
utilized for this purpose, examples of which include native chemical ligation (Dawson, 
et al., Science (1994) 266:776-779; Kent, et al., WO 96/34878; Kent, et al., WO 
98/28434), oxime forming chemical ligation (Rose, et al., J. Amer. Chem. Soc. (1994) 
116:30-34), thioester forming ligation (SchnSlzer, et al.. Science (1992) 256:221-225), 
thioether forming ligation (Englebretsen, et al., Tet. Letts. (1995) 36(48):8871-8874), 
hydrazone forming ligation (Gaertner, et al., Bioconj. Chem. (1994) 5(4):333-338), and 
thiazolidine forming ligation and oxazolidine forming ligation (Zhang, et al., Proc. Natl. 
Acad. Sci. (1998) 95(1 6):91 84-9 189; Tarn, et al.. WO 95/00846; US Patent No. 
5,589,356); Gieselman et al., Selenocysteine-mediated native chemical ligation (Org. 
Lett. (2001) 3(9):1 331 -1334); and Staudinger amide forming chemical ligation (Saxon 
et al., Org. Lett. (2000) 2:2141-2143). Thus, as will be appreciated, any 
chemoselective reaction chemistry that can be applied to the ligation of unprotected 
peptide segments and amenable for such purpose. 

Reaction conditions for a given ligation chemistry are selected to maintain the 
desired interaction of the peptide or polypeptide segments employed for ligation. For 
example, pH and temperature, water-solubility of the ligation components, ratio of the 
first segment to the second segment, water content and composition of the reaction 
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the structures of the amino acids that are naturally found at such preselected positions 
in the protein being synthesized. Pseudo-native chemical ligation is thus directed to 
the thioalkylation of cysteine side chains generated at ligation sites from native 
chemical ligation. A preferred aspect is thioalkylation of cysteine ligation sites wherein 
at least one peptide contains a native cysteine having its thiol side chain protected with 
a suitable protecting group. 

In one embodiment of the invention, the thiol moiety of a cysteine group is 
modified into a desired side chain, for example, into the side chain of a ribosomally 
specified amino acid, an analog of such an amino acid, or into a non- ribosomally 
specified amino acid. As used herein, a ribosomally specified amino acid is an amino 
acid that is recognized by ribosomes in the process of protein translation and can be 
incorporated into a ribosomally produced protein. Considerable published literature 
•exists describing chemical modifications of the cysteine side chain thiol moiety (see, 
e.g., "Current Protocols in Protein Science," Edited by: John E. Coligan era/., John 
Wiley & Sons, NY (2000)). Kaiser. E.T. has described the conversion of cysteine 
residue side chains to mimic the chemical properties of a naturally occurring amino acid 
side chain (see, e.g., Kaiser, E.T. etai., "Chemical Mutation Of Enzyme Active Sites," 
Science. 1984 Nov 2;226(4674):505-1 1 ). Additionally, the use of a cysteine side chain 
to introduce a label into a peptide or protein has been described. Cysteine side chain 
modifications are reviewed in Chemistry of Protein Conjugation and Crosslinking, S. S. 
Wong, (1991 , CRC Press); Chemical Modification of Proteins, Gary E. Means et a/., 
(1971, Holden-Day), Chemical Modification of Proteins: Selected methods and 
analytical procedures, Glazer, A.N. etai (1975, Elsevier); Chemical Reagents for 
Protein Modification, RL Lundblad (1991, CRC Press). Tarn et at. (Biopolymers (1998) 
46:319-327) have disclosed the use of homocysteine (-CH2-CH2-SH) for non-cys native 
chemical ligation, followed by thioalkylation using methyl p-nitrobenzenesulfonate 
(methylating reagent) to convert the homocysteine side chain to a native methionine 
side chain (-CH 2 -CH2-S-CH 3 ), 

The methods described herein can also be applied for conversion of 
homocysteines to pseudo amino acids as well. However, as with the conversion of 
cysteines described herein, in accordance with the present invention it is necessary to 
use protecting groups to avoid destruction of native cysteines involved in disulfide 
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pairing for peptides that contain at least one native cysteine that one does not wish to 
convert. Suitable protecting groups are described below. 

While the method of pseudo-native chemical ligation does not facilitate the 
mimicking of the side chains of certain ribosomally-specified amino acids (e.g., the side 
5 chains of glycine, alanine, valine, and proline) (alanine's side chain can, however, be 
formed through a desulfurization reaction (Liang, Z.Y. and Dawson, P.E., "Synthesis of 
Peptides and Proteins without Cysteine Residues by Native Chemical Ligation 
Combined with Desulfurization," J. Am. Chem. Soc. 2001, 123, 526-533, herein 
incorporated by reference), it may be used to form side chains that mimic many 
10 ribosomally-specified or non-encoded amino acids. Amino acids produced in 

accordance with the pseudo-native chemical ligation method of the present invention 
will contain a thioether linkage, and will have no beta-branching (in that they will all 
include a methyl group at the beta position, i.e.. aa-CH 2 -S-. Thus, the pseudo-amino 
acid versions of the beta-branched amino acids, isoleucine and threonine can be made 
15 to have the pendant side chain structure, without having the beta geometry and its 
attendant constraints. 

Significantly, the methods described herein may be used to form amino acid side 
chains that are the same length as that of ribosomally specified amino acids, or are 
longer or shorter than such length. Such alteration in side chain length can be used to 
20 stabilize (or destabilize) the three-dimensional conformation to increase protein stability 
(or to enhance the ability of the protein to alter its conformation and thereby accept a 
different range of substrates, inhibitors, receptors, ligands, etc. relative to those 
accepted by the naturally occurring protein. For example, Cys-CHa-SH + Br-CH 2 - 
COOH yields Cys-CHa-S-CHz-COOH (such "pseudo-glutamic acid" has one additional 
25 side chain atom, namely the -S- group; alternatively, if used in the place of aspartic 
acid, it will possess two additional side chain atoms, namely a -CH2-S- group). Other 
side chains have the same number of atoms in the side chain, but differ by inclusion of 
the thioether linkage (-S-). For example, Cys-CI-fe-SH + Br-CH 2 -CH 2 -NH-PG, followed 
by removal of PG yields Cys-CH 2 -S-CH2-CH 2 -NH 2 . The resulting structure has no 
30 additional atoms in the side chain, but one -CH^ group is replaced with -S-. 

Methionine is another example here, Cys-CHa-SH + l-CHz-CHa yields Cys-CH2-S-CH 2 - 
CH 3 (versus native met structure of Met-CH 2 -CH2-S-CH 3 ); thus the thioether is 
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relocated. Arginine also: Cys-CH^H ♦ Br-CHa-NH-CHft-NH^NH^)) yields Cvs 
™ff™^-»»°X~»»»r- ^e^.p^nofLlvl'a^ oZ* 
pad.cu.ady for me construing pseudo lysine can be empioyed «o avoid unwanted side 

However, where it is either inconvenient or undesirable to modify a protein 
seauence so as to intreduce a cysteine or homocysteine residue a, a given N-.en.inue 
of a PO.ypep.He utt.ized for ligaBon . or ulilfee . ^ ^ ^ ^ ^ J™ 

. tirr b na,ive chemicai " a,ion may te " ^ * 

) termmus has been modmad to contain an N-substituted. and preferably Na- 
substttutad, 2 or 3 carbon chain amino alkyl or ary, thiol, and thereby pern* me 
pnncples of nattve chemical .igation to be employed with poiypeptides lacking cysteine 
residues (see, WO 02/19963 and WO 02/20033). "gcysterne 

The method of "Extended Native Chemical Ligation" involves ligating a first 
component comprising a carboxy. fhieester, and more preferably, an cc-carboxyf 
th,oestarwith a second component comprising an acid stable N-subslitatad. and 
preferably, Na-substituted. 2 or 3 carbon chain amino alky, or aryl thiol 
Chemosetective reaction between me carboxythioester o, me nre. component and the 
m,o. of the N-substituted 2 or 3 carbon chain alkyi or ary, mio, of the second component 

preduct b,,^ Native chemica| ^ fe ^ 9 
Nos. WO 02/19963, WO 02/20033. and WO 02/20557 ™ol,cat,on 

bvth f TI ; e i a ^ >Ve . deScribed — compositions of the invention are exempted 

by lhe total chem,ca, synthesis of a library of synthelfc poiymer-modi^d peptides 
polypepttdesandpreleins. Figure1 Urates this approach for the attachment of a 
.ngle waler-sotuble polymeric pretecting greup to a Urs, pep,, d , where the flrs ptpHde 

T2ZT W ft ' nC,tonal 9r<>UP * - b ° apable ° f *"*» • — I* Id 
X w,.h an mcommg water-soluble polymeric pretesting greup PG Polymer-X, bearing a 
mutuany reactive funeral greup X,. The Are, peptide also bears a second unZ 
fcn<*ona. greup Z 2 tha, is unreactive wHh X, or X, Foltawing attachment o, Jwaler- 

second pepttde beanng a reacflve functional greup Z, that is mutually reactive in a 
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chemical ligation reaction with Z 2t to form a ligation product having ligation site Z" 
bearing the water-soluble polymeric protecting group at X'. This water-soluble 
polymeric protecting group is then removed from the ligation product, split into two 
separate reaction systems, and then reacted with two different chemical adducts Yi-Xi 
and Y2-X1 of interest that each bear the same functional group X1 to form two different 
chemically modified ligated polypeptide chains. 

Specific synthetic schemes for exemplary water-soluble polymeric protecting 
groups, synthetic peptides and proteins of the invention are provided in the Examples 
below, and in Figures 2, 3, 4 and 5. For instance, a schematic illustrating the chemical 
synthesis of SGP-A, SGP-B and SGP-D using a multiplex polymer ligation approach as 
described below is shown in Figure 2. Briefly, in Figure 2, a "multiplex polymer 
ligation" method is illustrated for constructing full-length intermediate polypeptides 
bearing water-soluble polymeric protecting groups at positions selected for the 
subsequent site-specific attachment of different permanent water-soluble polymers in a 
split-synthesis strategy. In particular, Figure 2 shows an approach where a removable 
water-soluble polymer-based protecting group (2PLP) bearing a levulinyl ketone moiety 
is attached in a site-specific and exclusive manner through an oxime bond-forming 
chemical ligation reaction to lysylaminooxy groups incorporated at position 58 on 
peptide segment 1867, and at position 133 on peptide segment 1841 . These two 
precursor peptides were utilized to assemble two different full-length intermediate 
polypeptides bearing the 2PLP groups at positions 58 and 133 that permitted 
subsequent site-specific attachment of different water-soluble polymers at these 
positions in a split-synthesis stratagem. As shown, peptide 1841(2PLP) bears an N- 
terminai cysteine at position 131 , which is utilized to react with the leucine thioester at 
position 130 of peptide 1846 (also bearing an N-terminal Acm-protected cysteine at 
position 74) in a native chemical ligation reaction to form a native amide bond at 
cysteine ligation site position 131. The resulting ligation product, 1846+1 841 (2PLP) is 
then carboxyamidomethylated to convert the sole free side chain thiol of cysteine 
residue 131 to form a pseudoglutamine at that site. Following Acm removal, 
1846+1 841 (2PLP) is ligated to 1867(2PLP), and then to either peptide 1857 or 1864 
following standard native chemical ligation protocols. The 2PLP groups at positions 58 
and 133 on the resulting two different full-length intermediate polypeptides (as shown in 
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Figures 3, 4 and 5) are then removed and replaced with either a branched neutrally 
charged water-soluble polymer (e.g., GRFN43(neu)) or a branched negatively charged 
water-soluble polymer (e.g., GRFN43(neg)) at positions 58 and 133 through a 
permanent oxime-forming ligation reaction utilizing incoming polymers bearing a single 
5 unique pyruvyl ketone moiety (as shown in Figures 3, 4 and 5). 

As shown in Figures, 2, 3 f 4 and 5, the full-length SGP-A, -B and -D products 
include two water-soluble polymers attached exclusively at user-defined sites, 
corresponding to position 58 and position 133. However, the constructs differ in 
several respects. In particular, two of the constructs bear neutral polymers (SGP-A and 
10 SGP-B), whereas one construct bears negatively charged polymers (SGP-D). 

Moreover, as shown the full-length SGP-A product differs in its polypeptide backbone 
from SGP-B and SGP D in peptide segments 1857 (SGP-A) and 1864 (SGP-B and 
SGP-D). 

15 Abbreviations 
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The following abbreviations may be used herein: 
Abu = Aminobutyric acid 

Acm = acetamidomethyl thiol-protecting group [i.e. -CH2NHCOCH3] 
Aib = aminoisobutyric acid 
AoA = aminooxyacetyl 

Arg(Tos) = L-arginine(side chain N G toluenesulfonyl-protected) 
ART = absolute reticulocyte count 

Asp(cHex) = L-aspartic acid(side chain cyclohexyl ester-protected) 

AUC = area under the curve 

Bet = Betaine (also represented by "B" in figures) 

Boc = tertbutoxycarbonyl 

CD = circular dichroism 

CDI = carbonyldiimidiazole 

CHO = Chinese hamster ovary 

CL = clearance (mL/hr/kg) 

Cmax = maximum concentration 

Cys(4MeBzl) = L-cysteine(side chain (4-methyl)benzyl-protected) 
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Cys(Acm) = L-cysteine(side chain acetamidqmethyl [i.e. ~CH 2 NHCOCH 3 }- 
protected) 

DCM = dichloromethane 
DIG = diisopropylcarbodiimide 
5 DIEA = diisopropylethylamine 

DMF = dimethylformamide 
Dmg « dimethylglycine 
DMSO = dimethylsulfoxide 
DNP = dinitrophenyl 
10 DPC = dodecylphosphocholine 

Dpr = L-1 ,2diaminopropionic acid 

ED50 = effective dose required to reach 50% maximum effect . 
EDA = (4 f 7 > 10)4rioxatridecane-1,13diamine (also called TTD) 
ELISA = enzyme-linked immunoassay 
15 ES-MS = electrospray ionization mass spectrometry 

FBS = fetal bovine serum 

Glu(cHex) = L-glutamic acid(side chain cyclohexyl ester-protected) 

G-CSF = granulocyte colony stimulating factor 

GM-CSF = granulocyte-macrophage colony stimulating factor 
20 HATU = 0-(7-azabenzotriazoM -yl)-1 ,1 ,3,3-tetramethylammonium 

hexafluorophosphate 

His(Dnp) = L-histidine(side chain N lm dinitrophenyl-protected) 

HOBT = N-hydroxybenzotriazole 

HPLC = high pressure liquid chromatography 
25 IMDM = Iscove's modified Dulbecco's medium 

I PA = isopropanol 

Lev = levulinic acid 

Lys(CIZ) = L-lysine(side chain 2-chlorobenzyloxycarbonyl)-protected 
MBHA = 4-methylbenzhydrylamine 
30 meg = microgram 

MRT = mean residence time 
MTT = 4-methylTrityl 
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MTT = thiazolyl blue 

NHS = N-hydroxysuccinimide 

-OCH 2 -Pam-resin = -0-CH 2 -Bz-CH 2 CONHCH 2 (copolystyrene- 
divinylbenzene)-resin 
5 Pbo = 4-(CH 3 S(0)-)benzyl 

PBS = phosphate buffered saline 
RSA = rat serum albumin 
SDS = sodium dodecyl sulfate 

SDS-PAGE = SDS-polyacrylamide gel electrophoresis 
10 SGP = synthetic granulocyte stimulating protein (used interchangeably with 

SNP) 

SNP = synthetic neutropoiesis stimulating protein (used interchangeable with 
SGP) 

Ser(Bzl) = L-serine(side chain benzyl-protected) 
15 Succ = succinyl 

TTD = (4,7,1 0)-trioxatridecane-1,13diamine (used interchangeable with EDA) 



Examples 

20 The following examples are put forth so as to provide those of ordinary skill in 

the art with a complete disclosure and description of how to make and use the present 
invention, and are not intended to limit the scope of what the inventors regard as their 
invention nor are they intended to represent that the experiments below are all or the 
only experiments performed. Efforts have been made to ensure accuracy with respect 

25 to numbers used (e.g. amounts, temperature, etc.) but some experimental errors and 
deviations should be accounted for. Unless indicated otherwise, parts are parts by 
weight, molecular weight is weight average molecular weight, temperature is in degrees 
Centigrade, and pressure is at or near atmospheric. 



30 Example 1 : Peptide Synthesis 

Thioester peptides were synthesized on a thioester-generating resin by the in 
situ neutralization protocol for Boc (tert-butoxycarbonyl) chemistry and stepwise solid 
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phase peptide synthesis (SPPS) using established SPPS, side-chain protection and 
thioester-resin strategies (Hackeng, et al., PNAS (1999) 96:10068-10073; and 
Schnolzer, etal., Int J. Pept. Prot. Res., (1992) 40: 180-193)) on an ABI433A 
automated peptide synthesizer or by manual chain assembly, or ordered and acquired 
from commercial vendors. For instance, a standard set of Boc SPPS protecting groups 
was used, namely: Arg(Tos); Asp(cHex); Cys(4MeBzl) & Cys(Acm); Glu(cHex); 
His(DNP); Lys(CIZ); Ser(Bzl); Thr(Bzl); Trp(formyl); Tyr(BrZ); Met, Asn, Gin were side- 
chain unprotected. Non-thioester peptides were synthesized analogously on a -OCH2- 
Pam-resin. The peptides were deprotected and simultaneously cleaved from the resin 
support using HF/p-cresol according to standard Boc chemistry procedure; however, 
for those peptides containing protecting groups not removed in HF/p-cresol, the 
protecting groups were retained. For instance, these include Acm-protected cysteines 
as well as DNP-protected histidines. For histidine, the DNP is automatically removed 
during the native chemical ligation reaction in the presence of nucleophiles, such as 
thiophenol. The Acm removal conditions are described below in detail. The peptides 
were purified by preparative C4 reverse-phase-high pressure liquid chromatography 
(HPLC). Fractions containing pure peptide were identified using ES-MS (electrospray 
ionization mass spectrometry), pooled and lyophilized for subsequent manipulation 
and/or ligation. 



Example 2 : Synthesis of 2PLP-levuumyl Oxime Protecting group 

On a 0.5mM scale, 400 mg succinic anhydride dissolved in 8ml of 0.5M HOBT 
(N-hydroxybenzotriazole) containing 400ul DIE A was coupled to s-DVB Sasrin resin 
(substitution 0.5 mmol/g) for 10 minutes. The resin was activated with 8ml of fresh 1 M 
CDI (Carboxydiimidazole) solution in DMF and 4mL (4,7,1 0)-trioxatridecane- 
1,13diamine (TTD or also called EDA) was added in 4mL 0.5M HOBT solution coupled 
for 30 minutes. After two cycles of this process, 581 mg Levulinic acid was activated 
6.3 ml Diisopropyl carbodiamide in DCM (dichloromethane) for 5 minute and coupled to 
the resin for 10 minutes. The resin was cleaved using standard Fmoc procedures and 
the protecting group was purified by reversed-phase HPLC by a linear gradient. The 
structure of the 2PLP-levulinyl ("2PLP-lev") protecting groups is as follows: 
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Example 3: Synthesis of Linear (Succ-TTD)i 2 -Succ-AlaOtBu (GRFNP39) 

(Succ-TTD) 12 -Succ-AlaOtBu (GRFNP39) was synthesized on a 0.5 mmol scale. 
5 The basic "Succ-TTD" repeat structure of GRFNP39 is shown below. 



SucoTTD 




0.5mmole (~0.5 grams) Sasrin acid labile, carboxylic acid-generating 
polystyrene resin (hydroxyl substitution 1.02 mmole/g;) was swelled in DMF for 15 
minutes and then drained. To this hydroxyl-functionalized resin was added 450 mg (4.5 

10 mmole) succinic anhydride and 488 mg (4 mmole) 4-(dimethylamino)pyridine dissolved 
in 8 ml of DMF containing 500 microliter (3.9 mmole) DIE A (diisopropylethylamine) and 
allowed to react for 30 minutes with vortex agitation, then drained. The coupling was 
repeated and excess reactants and soluble coproducts were removed by a 1 minute 
vortexing flow wash with DMF (~50ml), then drained. The HOOC-CH 2 CH 2 CO-0-resin 

15 (0.5 mmole) was activated by addition of 8 ml of fresh 1 .0 M (8 mmole) CDI solution in 
DMF and allowed to react for 40 minutes, then drained. Excess reactants and soluble 
coproducts were removed by a 1 minute vortexing flow wash with DMF (~50ml), and 
drained. 4 ml (4 grams, 18.2 mmole) TTD dissolved in 4 ml 0.5M (2 mmole) HOBT 
solution in DMF was added and allowed to react with vortex agitation for 30 minutes 

20 and drained. Excess reactants and soluble coproducts were removed by a 1 minute 
vortexing flow wash with DMF (~50ml) and drained. Succinic anhydride (450 mg , 4.5 
mmole) dissolved in 8 ml of 0.5M (4 mmole) HOBT (N-hydroxybenzotriazole) solution 
containing 500 microliter (3.9 mmole) DIEA was added to the resin and allowed to react 
with vortex agitation for 15 minutes, then drained. The three steps (CDI activation; TTD 

25 coupling; succinic anhydride reaction) were repeated eleven times [i.e. a total of twelve 



40 



Atty. Dkt: GRFN-047PRV 

times]. Excess reactants and soluble coproducts were, removed by a 1 minute vortexing 
flow wash with DMF (~50ml), and drained. The HOOC-CH 2 CH 2 CO(TTD-succinyl) 12 -0- 
resin (0.5 mmole) was activated with 8ml of fresh 1.0 M (8 mmole) CDI solution in 
DMF, allowed to react for 40 minute, and drained. Excess reactants and soluble 
coproducts were removed by a 1 -minute vortexing flow wash with DMF (~50ml), and 
drained. 2.5 mmole H-AlaOtBu.HCI was dissolved in 4.75 ml 0.5 M (2.375 mmole) 
HOBT in DMF containing 150 microliter (111 mg, 0.825 mmole) DIEA, and allowed to 
react with the CDI-activated HOOC-CH 2 CH 2 CO(TTD-succinyl) 12 -0-resin (0.5 mmole) 
for 1 hour with vortex agitation, then drained. Excess reactants and soluble co-products 
were removed by a 1 -minute vortexing flow wash with DMF (~50ml), and then drained. 
The product tertBuOOC-CH(CH3)-NH-OC-CH 2 CH 2 CO(TTD-succinyl) 12 -0-resin was 
washed extensively with DCM, drained and then the resin was dried under vacuum to 
constant weight. Typical weight of product-resin was around 2 grams. 

The linear GRFNP39 was cleaved from the resin support according to standard 
Fmoc-chemistry procedures using 4% TFA in DCM. The precipitated crude product 
was dissolved in 50% aqueous acetonitrile containing 0.1% TFA and lyophilized. The 
lyophilized polymer was dissolved in a small amount of 50% aqueous acetonitrile 
containing 0.1% TFA and diluted to reduce the concentration of organic below 1%. The 
crude product was loaded onto a C4 preparative reverse-phase HPLC column 
equilibrated at T = 40"C at 3% B. Salts were eluted isocratically and the desired 
template was purified with a linear gradient of 20-35% Buffer B (acetonitrile containing 
0.1% TFA) versus 0.1% aqueous TFA over 60 minutes. Fractions containing the 
desired (Succ-TTDJijj-Succ-AlaOtBu material (GRFNP39) were identified by ES-MS, 
frozen and lyophilized. The structure of GRFNP39 is shown below. 
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Alternate representation 
of same compound 



tBu-O-Ala-Succ- (rTD-Succ]-OH 




Branchmg ,emp,a,e GRFNP42 (GP42, was synfhesfced manua,,y on a Boc-Leu- 
^T 8 " °" 3 0 4 mm °« scate - A «»«*— flow-washing step with DMF was 
used baleen every causing, deprotecuon and activation step. Tha Boc group was 

(1^2 OH ' man ' ^ °~ (i e ' 10 ° %) TFA - ^ ° MF —** 2 ™- moc " 
££WOH was couplad to tea rasin after acuvaSon with 1 .8 mma, HBTU in 3 8 ml 

20 A p,per,d,ne ,n DMF), 2 mmo, Fmoc-Lys( MT T>-OH [MTT = ^mathyitetyO was 

Z A» "* USi " 9 NHS " Ster "* 2 mm °' D ' C - 2 NHs" 

DMF After removal of toe Fmoo protecting group (2 x 1 minute 0.5% DBU in DMF) 4 

mmo. succinic anhydride dissolved in 8m. of 0.5M HOBT so,u.,on containing 2.2 mmo, 
DIEA was coupled to toe .sin for 10 minute, Aftertois step, toe resin-hound carhoxy 
gmup was achvated wito 8 m, of fresh 0.5 M CD, so,ution in DMF. 4 m, TTD was 
added m 4 m, 0.5M HOBT solution and coupled for 30 minutes. 

2 mmol FmooLys(Fmoc)-OH was coupled to the rasin using NHS-ester 
action with 2 mmo, DIC and 2 mmo. NHS in DMF. After an Fmoc removal step (2 x 
1 mmute 0.5% DBU in DMF), 4 mmo, Boc L ys(Boc)-NHS is coupled in 3 m, DMF. 

n™ ^ ProteCting ^ W3S rem ° Ved by mul,i P te wash <* with 2% TFA in 
De P rot «*°<> was complete whan the supernatant test Its ye,lowco,or. Thereain 
was neutralized wito 10% D.EA In DMF ter one minute. 2 mmo, PynJ v,c JZZ 

dmpT T reS ' n U8,ng NHS " eS ' er a ° aVa,l0n "* 2 m ™' 0,0 a "° 2 NHS in 
'° r 45 m ' nU,eS - The tem <" ate «« ^protected and cteaved from toe resin 
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support using neat TFA containing 5% water. The cleavage solution was evaporated to 
dryness in a rotator evaporator. The residue was dissolved in 50% aqueous 
acetonitrile containing 0.1% TFA and lyophilized. The lyophilized template was 
dissolved in a small amount of 50% aqueous acetonitrile containing 0.1% TFA and 
diluted to reduce the concentration of organic below 1%. The pyruvate-containing 
template was loaded onto a C4 Prep column equilibrated at T = 40°C at 0 % Buffer B 
[i.e. 100% Buffer A = 0.1%TFA in water]. Salts were eluted isocratically and the 
desired template was purified with a linear gradient of 5-12 % Buffer B versus 0.1% 
aqueous TFA in 60 minutes. Fractions containing the desired material (GRFNP42) 
were identified by ESI-MS, frozen and lyophilized. The structure of GRFNP42 is shown 
below. 
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Example 5: Assembly of branched polymer GRFNP43 

GRFNP43. a branched (TTD-Succ) 4 9 - polymer of 16kDa molecular weight was 
synthesized by coupling GRFNP39 to the purified template GRFNP42. Purified (Succ- 
TTD)i2-Succ-AlaOtBu (GRFNP39) (LOmmole) dissolved in DMSO at 60°C to a 
concentration of 20 mg/ml was activated with 0.95mole of HATU in DMSO at a 
concentration of 10 mg/ml in the presence of a twenty-fold (molar) excess of DIEA. 
Purified template (0.24mole) GRFNP42 dissolved in DMSO at a concentration of 3.9 
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mg/ml was added immediately. Progress of the reaction was monitored by analytical 
C4 reversed-phase HPLC and ES-MS. Typically, the coupling was complete within 
minutes. For work-up, 4 volumes (relative to ligation mix) 0.1M acetate / 6 M 
guanidinium chloride, pH 4 was added, and the solution was loaded onto a preparative 
(C4) reverse-phase HPLC column. Salts and other non-amide containing material were 
eluted isocratically and the desired product branched polymer was purified with a linear 
gradient of 20-35 % Buffer B (acetonitrile containing 0.1% TFA) versus 0.1% aqueous 
TFA over 80 minutes. Fractions containing the desired material were identified by ES- 
MS, frozen and lyophilized. 

The resulting purified branched polymer construct GRFNP43 was dissolved in 
neat TFA at a concentration of 1 mg/ml for 1 hour to remove the Ala-OtBu tertButyl 
ester protection. The solution was evaporated to dryness in a rotary evaporator and 
the dried polymer was dissolved in 50% Buffer B (acetonitrile containing 0.1% TFA). 
The polymer was desalted on a preparative reverse phase HPLC with a step gradient 
from 15% to 45% Buffer B versus 0.1% aqueous TFA in 80 minutes. Pooled fractions 
containing the desired material (GRFNP43) were frozen and lyophilized, and the dried 
powder used for the oximation-forming ligation step. 

The structure of the pyruvic acid-functionalized negatively charged branched 
PLP polymer GRFNP43 (which is referred to interchangeably with "GRFN43(neg)") is 
shown below: 




A variant of GRFN43(neg) was also constructed that differs in the net charge 
imparted by the polymer. This construct (designated "GRFN43(neu)") was synthesized 
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in the same manner as for GRFN43(neg) except that the linear polymer intermediate 
employed for final assembly with template GRFNP42 was made to contain an amide 
terminal group bearing a net neutral charge, as opposed to the alanine of GRFNP39 
bearing a net negative charge imparted by the carboxylate. Briefly, a neutral linear 
PLP polymer containing 12 "Succ-TTD" repeats (designated "GRFNP44") was made 
as follows. On a 0.5mM scale, 400 mg succinic anhydride dissolved in 8ml of 0.5M 
HOBT (N-hydroxybenzotriazole) containing 400ul DIE A was coupled to s-DVB resin 
(subsitution 0.5 mmol/g) carrying a Rink linker for 10 minutes. The resin was activated 
with 8ml of fresh 1 M CDI (Carboxydiimidazole) solution in DMF and 4mL TTD was 
added in 4mL 0.5M HOBT solution coupled for 30 minutes. After twelve cycles, a 
terminal succinic anhydride group was coupled as described. The resin was cleaved 
using standard Fmoc procedures, and the linear GRFNP44 polymer was purified by 
reversed-phase HPLC by a linear gradient. Linear GRFNP44 polymer was then 
activated and coupled to branching template GRFNP42 as described for 
GRFN43(neg), to yield the branched GRFN43(neu) polymer. The structure of the 
pyruvic acid-functionalized neutral branched PLP polymer GRFN43(neu) is shown 
below: 
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Example 6 : Synthesis of peptide segments SGP-1 :4 (GRFN1 841 ) and SGP-1 :2 

(GRFN1 867) FOR MODIFICATION WITH 2PLP-LEVULINYL OXIME PROTECTING 
GROUPS 



The following peptide segments were synthesized for constructing polymer- 
modified peptide segments SGP-1. 2 (GRFN 1867) and SGP-1 :4 (GRFN1841): 
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Segment SGP-1 :2 (GRFN 1 867, composed of residues 36-73 of SEQ ID NO:1 ): 

CATYK LCHPE ELVLL GHSLG IPK AoA AP LSSCP SQALQ LAG-thioester 
(where Lys 58 is modified with a aminooxyacetyl group at the e-amino group 
denoted by K**, and Cys 36 is Acm protected). As discussed in Example 1, the 
histidine residues of this peptide, as well as all others in all of the Examples, are 
DNP protected; the histidines retain the DNP protecting group until exposed to 
the native chemical ligation conditions employed for segment assembly. 

Segment SGP-1 :4 (GRFN 1841, composed of residues 131-174 of SEQ ID NO:1): 

CPK AoA QG AMPAF ASAFQ RRAGG VLVAS HLQSF LEVSY RVLRH LAQP 
-carboxylate (where Lys 133 is modified with a aminooxyacetyl group at the s- 
amino group denoted by K AoA ) 

Segment SGP-1 :2 (GRFN 1867) was synthesized on a thioester-generating 
resin, and Segment SGP-1 :4 (GRFN 1841) on a -OCH2-Pam-resin as in Example 1. 
Lysines 58 and 1 33 of these two peptide segments were initially protected with an 
Fmoc group at the s-amino group. After completion of the chain assembly, the Fmoc- 
bearing amino groups were deprotected following standard Fmoc deprotection 
procedures and modified by attachment of aminooxyacetic acid to each peptide resin, 
respectively. The peptides were then deprotected and simultaneously cleaved from the 
resin support as described in Example 1. The peptides were purified by preparative C4 
reverse phase HPLC. Fractions containing pure peptide were identified using ES-MS, 
pooled and lyophilized for subsequent ligation. 

Example 7: Modification of peptide segments SGP-^1 :4 (GRFN1 841 ) and SGP-1 :2 

(GRFN 18671 WITH 2PLP-LEVULINVL PROTECTING GROUPS 

Oxime formation was performed to attach water-soluble polymers bearing a 
ketone carbonyl group to peptides carrying an aminooxyacetyl group. Segment SGP- 
1:4 and segment SGP-1 :2, respectively, and 2PLP-levulinyl were jointly dissolved in 
fresh 50% aqueous acetonitrile respectively. The solution was heated overnight at 
40°C. The polymer-modified peptide was separated from unmodified peptide and 
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unreacted polymer -by preparative gradient C4 reverse-phase HPLC. Fractions 
containing the desired oximated product SGP-1:4+2PLP and SGP-1 :2+2PLP, 
respectively, were identified by ES-MS and pooled and lyophilized. 

Example 8: Synthesis of Polyme r-modified Synthetic Granulocyte Colony 
Stimulating Proteins SGP-A. SGP-B amp SjGPjp 

A family of three polymer-modified synthetic granulocyte colony-stimulating 
proteins (designated SGP-A, SGP-B and SGP-D) was synthesized to contain oximer 
forming groups at one or several sites in positions 58 and/or 133. The final structures 
of SGP-A, SGP-B, and SGP-D are presented in Figures 3, 4 and 5, respectively. 

SGP-A carries two neutral, branched water-soluble polyamide polymers ("PLP") 
at positions 58 and 1 33. SGP-B is identical to SGP-A except for the substitution of 
Cys17 by amino-butyric acid (Abu). SGP-D is identical to SGP-B, except for the 
structure and charge of the PLP. The PLP portion of SGP-D adds eight negative 
charges to SGP-D. 

The sequences of the full-length SGP-A, -B and -D polypeptide backbones are 
as follows: 

SGP A (1-174): TPLGP ASSLP QSFLL KCLEQ VRKIQ GDGAA LQEKL CATYK 
LCHPE ELVLL GHSLG IPK° X AP LSSCP SQALQ LAG. CLSQL HSGLF LYQGL 
LQALE GISPE LGPTL DTLQL DVADF ATTIW QQNIeEE LGNIeAP AL fPK ox QG 
AMPAF ASAFQ RRAGG VLVAS HLQSF LEVSY RVLRH LAQP (SEQ ID NO:1) 

SGP B and SGP D (1-174); TPLGP ASSLP QSFLL KAbuLEQ VRKIQ GDGAA LQEKL 
CATYK LCHPE ELVLL GHSLG IPK 0X AP LSSCP SQALQ LAG CLSQL HSGLF 
LYQGL LQALE GISPE LGPTL DTLQL DVADF ATTIW QQNIeEE LGNIeAP AL 
*FPK 0X QG AMPAF ASAFQ RRAGG VLVAS HLQSF LEVSY RVLRH LAQP (SEQ 
ID NO:2) 

where Hf. denotes an non-native amino acid residue consisting of a cysteine that is 
carboxamidemethylated at the sulfhydryl group, Abu denotes aminobutyric acid, Nle 
denotes norleucine, and where K ox denotes a non-native lysine that is chemically 
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modified _at the e-ami.no group with an oxime linker group coupled to a designated 
water-soluble polymer through an oxime bond (or intermediates which contain AoA). 

The polymer-modified synthetic granulocyte colony-stimulating proteins SGP-A, 
-B, and -D were synthesized in solution from four polypeptide segments: 

5 Segment SGP1A (GRFN 1857; composed of residues 1-35 of SEQ ID NO:1 ): 
TPLGP ASSLP QSFLL KCLEQ VRKIQ GDGAA LQEKL -thioester 

Segment SGP1B (GRFN 1864; composed of residues 1-35 of SEQ ID NO:2): 

TPLGP ASSLP QSFLL KAbuLEQ VRKIQ GDGAA LQEKL -thioester (where 
Abu denotes aminobutyric acid) 

10 Segment SGP2(2PLP) (GRFN 1867, composed of residues 36-73 of SEQ ID NO:1 ): 

CATYK LCHPE ELVLL GHSLG IPK 0X AP LSSCP SQALQ LAG -thioester 
(where Cys 33 is Acm protected and where Lys 58 is modified at the s-amino group 
wjth an aminooxyacetyl linker group that is coupled to 2PLP through a levulinic- 
aminooxycetyl (Lev-AoA) oxime bond denoted K ox . 

15 Segment SGP3 (GRFN 1846, composed of residues 74-130 of SEQ ID NO:1): 

CLSQL HSGLF LYQGL LQALE GISPE LGPTL DTLQL DVADF ATTIW 
QQNIeEE LGNIeAP AL -thioester (where Cys 74 is Acm protected, and where 
Nle demotes norleucine) 

Segment SGP4(2PLP) (GRFN 1841, composed of residues 131-174 of SEQ ID NO:1): 
20 CPK 0X QG AMPAF ASAFQ RRAGG VLVAS HLQSF LEVSY RVLRH LAQP 

-carboxylate (where Lys 133 is modified at the e-amino group with an 
aminooxyacetyl linker group that is coupled to 2PLP through a levulinic- 

aminooxycetyl (Lev-AoA) oxime bond denoted K ox . 

<J 

A schematic illustrating the chemical synthesis of SGP-A, SGP-B and SGP-D as 
25 described below is shown in Figure 2. Briefly, in Figure 2, a water-soluble polymer- 
based protecting group (2PLP) is attached to peptides SGP2 and SGP4 through an 
oxime bond-forming chemical ligation reaction. As shown, peptide SGP2 bears a C- 
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terminal group at position 73 .comprising a -glycine alpha-carboxyl thioester for 
subsequent native chemical ligation. SGP2 carries a non-native lysine residue at 
position 58 the side chain of which has been chemically modified to bear a group 
comprising an aminooxy acyl moiety. Peptide SGP4 has an unprotected N-terminal 
group at position 131 comprising a cysteine, a group comprising an aminooxy acyl 
modified Lysine at position 133 (corresponding to an O-glycosylation site of natural 
human G-CSF). Site-specific, and exclusive attachment of the 2PLP-levulynyl polymer 
protecting group at positions 58 and 133 is achieved through oxime-forming chemical 
ligation to produce the protected peptide SGP2(2PLP) and SGP4(2PLP). Figure 2 
shows native chemical ligation of SGP4(2PLP) to a middle peptide segment 
(Acm)SGP3 and generation of (Acm)SGP3+SGP4(2PLP), the ligation site of which is at 
Leu 130 and Cys 131 . As shown peptide (Acm)SGP3 comprises an N-terminal group at 
position 74 comprising an Acm protected cysteine, and a C-terminal group at position 
130 comprising a leucine alpha-carboxyl thioester. Following native chemical ligation, 
the ligation product is exposed to bromoacetamide for carboxamidomethylation of the 
side chain thiols of ligation site cysteine 131, and thus their conversion to 
pseudohomoglutamine. Following native chemical ligation, the Acm protecting group is 
removed to prepare this ligation product for the next ligation reaction. Figure 2 shows 
native chemical ligation of SGP3+SGP4(2PLP) to a middle peptide segment 
(Acm)SGP2(2PLP) and generation of (Acm)SGP2(2PLP)+SGP3+SGP4(2PLP), the 
ligation site of which is at Gly 73 and Cys 74 . As shown peptide (Acm)SGP2 bears an N- 
terminal group at position 35 comprising an Acm cysteine, and a C-terminal group at 
position 89 comprising a glycine alpha-carboxyl thioester. Following 
carboxamidomethylation, the Acm and protecting groups are removed to prepare this 
polymer-modified ligation product for the next ligation reaction. Figure 2 shows native 
chemical ligation of SGP2(2PLP)+SGP3+SGP4(2PLP) to peptide segment SGP1A or 
SGP1B (corresponding to the N-terminal segment of the desired full length product) 
and generation of the full length, protected SGP product SGP1A(or 
1B)+SGP2(2PLP)+SGP3+SGP4(2PLP), the final ligation site of which is at Leu 35 and 
Cys 36 . Subsequently, the polymeric 2PLP protecting groups at positions 58 and 133 
are removed to yield SGP1A(or 1 B)+SGP2(AoA)+SGP3+SGP4(AoA) and the desired 
polymer constructs are attached by chemoselective oxime-forming ligation between a 
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pyruvic .acid group on a selected incoming branched PLP polymer (bPLP) and the 
aminooxy groups on the full length polypeptide to yield the desired full-length protein- 
polymer construct SGP1A(or 1 B)+SGP2(bPLP)+SGP3+SGP4(bPLP). As shown, the 
full-length SGP-A, -B and -D products include two water-soluble polymers attached 
exclusively at user-defined sites, corresponding to position 58 and position 133. The 
details of the synthesis are described below. 

Step 1: Ligation #1 Segment SGP4(2PLP) and a 1.5 fold excess of segment 
(Acm)SGP3 were dissolved in 200 mM phosphate buffer (pH 7.9) containing 6 M 
guanidinium chloride at a concentration of 2-4 mM concentration and 1% thiophenol 
was added, resulting in a clear solution of the peptide segments. After ligation, 1 
equivalent (eq) v/v TFE (trifluoroethanol), 2 eq v/v 6M guanidinium chloride, 100 mM 
Tris-Hcl, pH 8.5 and 1eq v/v B-mercaptoethanol were added to the ligation mix and 
incubated for 30 minutes. The solution was acidified with a solution of 15 mg/ml TCEP 
(tris(2-carboxyethyl)phosphine.HCI) in glacial acetic acid and loaded onto a preparative 
C4 reverse-phase HPLC column (1 inch diameter). The peptides were then purified by 
preparative gradient reverse-phase HPLC. Fractions containing the desired ligated 
product (Acm)SGP3+SGP4(2PLP) were identified by ES-MS and pooled. 

Step 2: Carboxyamidemethylation (Acm)SGP3+SGP4(2PLP) was dissolved in 
200 mM Phosphate buffer (pH 7.9) containing 6 M guanidinium chloride. A 25-fold 
excess of bromo-carboxyamidomethyl (Br-CH 2 -C(0)-NH 2 ) dissolved in methanol at a 
concentration of 50 mg/ml was added, and the solution was allowed to react for two 
hours. The solution was loaded onto C4 coated reverse-phase beads and desalted by 
washing with low organic buffer (15% aqueous isopropanol, 0.1% TFA) followed by 
elution with high-organic buffer (90% aqueous isopropanol, 0.1% TFA). Fractions 
containing the desired carboxamidemethylated ("CM") product 
(Acm)SGP3+SGP4(2PLP)(CM) were identified by ES-MS and pooled and lyophilized. 

Step 3: Acm-removal #1 For Acm removal, (Acm)SGP3+SGP4(2PLP)(CM) 
was dissolved in TFE at a concentration of 20 mg/ml. Alternatively, the reaction was 
performed in HPLC buffer. The solution was diluted with 4M freshly prepared urea, for 
a final concentration of peptide of 4 mg/ml and TFE of 20%. A threefold molar excess 
(relative to the total expected cysteine concentration) of a 30 mg/ml Hg(acetate)2 
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solution in 3% aqueous acetic add was added and the soiution is shrred for one hour 
- The so,u,,on was then 'made. 20% in p-mercap.oe.hano,, and 60% 100 mM acetate' 

9 9Ua, " d,niUm Ch, ° ride - ^ ™ *- — " - ^eecdbed 

3 (AcmlSGP™^" " SGP3+SGP4 < 2P ™) - « 1.5 foid excess o, 
<Acm)SGP2(2PLP> were ,oi„„y dissolved jn 20n ^ p 

contain*. 6 M guanidinium chtoride a, 2. mM conception, and „ » 
added resuihng ,n a ciear soiuhon o, .he peptide segments. After one day of ,fea,ton 
Afler aga on. , eguivalen, (eg, v/v TFE (tnfluoroenrano,,. 2 eg v/v 6M guana n"m 
>. chionde. 100 mM Tris-Hc,. pH 8.5 1 eg v/v piperidine. and leg v/v p-mercaptoeZI 
were added to the iigation mix and incubated for 30 minutes to remove any""ng 
protecng groups. The so.ut.on was acidifled whh a soiution of 15 mg/mi TCEpT'o"! 
agueous acetic acid, toaded onto a pre paraflve reverse-phase HPLC column anu 
purified w,fh a „near gradien.. Prions conning the desired ^ ZduC 
ICeST ^ 2PLPHSG ^ SGP4<2PLP,(CM > — — dhy ES -MsL,yop~ 

J!!"" * AmMemoval * 2 The N-terminal Cys(Acm) protecting group of 
^0P2 ( 2P LP)+ S G P3 + S3P4 ( 2P L P )( C M , was removed hy diving 
■n TFE a, a concentration of 20 mg/ml. The sCution was diluted with 4M freshly 
prepared urea, for a fine, concenhation o, peptide o, 4 mg/m, and TFE o, 20T A 
*»«« meter excess (relaHva to me tota, expeced cysteine concenhahon, of a 30 
mg/m, Hg(acetata, 2 solution in 3% agueous ace«c acid was added and me solution is 

m° r a°^ T' S0,U,km ' hen ^ 2 ° % P'-nano,. and 60% 
100 PH4 containing 8M guanidinium ch,oride was added. The soluhon 

was then desalted as described in step 2 to vielrt 
SGP2(2PLP) + SGP3*SGP4(2PLP)(CM). * 

S(ep 6; Usratfon #3 SGP2(2PLPHSGP3 + SGP4(2PLP)(CM) and a 1 5 fold 

pr D ;r b GP ; A ;r P1 B were *** - « - ~-» : » s 

1^ oa o 1 ^ ' 0On ' ainina 6 M 9Uan ' diniUm - "* 1% "°*«* - 
T^rTe M 8 7 t (trMU ° roe,han0l >' 2 a " * ~ guanidinium chloride, 100 mM 
Tns-Hcl. pH 8.5 and leg v/v p-mercap.oe.hano, were added to the ligation mix and 
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incubated for 30 minutes. The solution was acidified with a solution of 15 mg/ml TCEP 
in 20% aqueous acetic acid, loaded onto a preparative reverse-phase HPLC column 
and purified with a linear gradient. Fractions containing the desired ligated product 
SGP1A+SGP2(2PLP)+SGP3+SGP4(2PLP)(CM) (SGP A (1-174)) (SEQ ID NO:1) or 
5 SGP1B+SGP2(2PLP)+SGP3+SGP4(2PLP)(CM) (SGP B and D (1-174)) (SEQ ID 
NO:2) were identified by electrospray mass spectrometry, pooled and frozen for folding. 

Step 7 Protecting group removal (-2PLP): Aliquots of full-length ligated peptide 
SGP A, -B and -D (1-174) were thawed and carboxymethoxylamine was added to a 
final concentration of 0.25M. The mixture was heated to 40 °C and the progress of the 

10 reaction was monitored by electrospray mass spectrometry. After completion, the 
reaction mixture was diluted 4X with 30% aqueous acetonitrile, TCEP was added, and 
the product was separated from the reactants with a linear gradient. Fractions 
containing the desired products, SGP1A+SGP2(AoA)+SGP3+SGP4(AoA)(CM) (SGP A 
(1-174)) (SEQ ID NO:1) or SGP1B+SGP2(AoA)+SGP3+SGP4(AoA)(CM) (SGP B and 

15 D (1-174)) (SEQ ID NO:2) were identified by electrospray mass spectrometry, pooled 
and frozen. 

Step 8 Oximation with bPU>. 10 molar equivalents (relative to peptide bound 
aminooxyacetyl groups) of neutral (GRFN43(neu)) and negatively charged 
(GRFN43(neg)), respectively were dissolved at a concentration of 50 mg/ml in fresh 

20 50% aqueous acetonitrile containing 0.1% TFA. This stock was added to the pooled 
SGP fractions from step 7 and lyophilized to dryness. The lyophilized powder was 
redissolved in a minimal volume of freshly prepared 30% acetonitrile in 6 M 
guanidinium chloride, pH~3.5. The progress of the reaction was monitored by 
reversed-phase HPLC, ESI/MS and SDS/PAGE. After completion, the product was 

25 separated from the reactants by reverse phase HPLC with a linear gradient. Fractions 
containing the desired product, SGP1A+SGP2(bPLP)+SGP3+SGP4(bPLP)(CM) (SGP 
A (1-174)) (SEQ ID NO:1) or SGP1B+SGP2(bPLP)+SGP3+SGP4(bPLP)(CM) (SGP B 
and D (1-174)) (SEQ ID NO:2) were identified by electrospray mass spectrometry, 
pooled and lyophilized. 

30 Step 9 Methionine reduction: On occasion, methione oxidation was observed 

during the lyophilization steps in Step 1-8. If this occurs, it is necessary to reduce the 
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methionine prior to folding. AH Buffers in contact with SGP from this point on have been 
pre-purged with He and stored under N 2 . The peptide was dissolved in 100 mM 
acetate, pH 4 containing 6M guanidinium chloride to achieve a 1mg/ml peptide 
concentration and 20% v/v NMMA (N-mercaptoacetamide) was added. The reaction 
5 mix was heated o/n at 40°C. Progress of the reaction was monitored by reverse phase 
HPLC and ESI/MS. After the reaction was complete, one equivalent v/v 30% aqueous 
acetonitrile in 100 mM acetate, pH 4 containing 6M guanidinium chloride and TCEP 
was added and the product was separated from the reactants by reverse phase HPLC 
with a linear gradient 

10 Step 10 Folding: An aliquot of full-length ligated peptides SGP-A (1-174) (SEQ 

ID NO:1), SGP-B (1-174) (SEQ ID NO:2), and SGP-D (1-174) (SEQ ID NO:2) was 
thawed, saturated with urea, and diluted to a final protein concentration of 0.05 mg/ml. 
The solution was made 1 mM cysteine, 0.1 mM cystine, and 50 mM Tris,pH 8.5. This 
mixture was then dialyzed O/N against 50 mM Tris, pH 8.5 containing 1M urea, 1 mM 

15 cysteine and 0.1 mM cystine. After folding, the proteins were dialyzed against 20 mM 
acetate, pH 4.6 (SGP-A, SGP-B) or 20 mM Tris, pH 7.5 (SGP-D). 

Analytical reverse-phase HPLC chromatogram, an ES-MS spectrum of the 
folded protein product as well as a CD spectrum demonstrated the presence of folded 
20 protein for all three analogs. Stock solutions of SGP-A and SGP-B in 20 mM NaOAc, 
pH 4.6, and SGP-D in 20 mM Tris, pH 7.5 were typically stored at either -20°C or - 
80°C. 

Example 9: Bioactivity Assay of Synthetic Neutropoiesis Stimulating Proteins 

For the in vitro studies, all samples were diluted in culture medium (RPMI 1640, 
25 10% FBS (fetal bovine serum), 100 unit/mL Penicillin and 100 pg/mL Streptomycin, and 
1.25% DMSO) or in Iscove's modified Dulbecco's medium (IMDM), 10% FBS (Fetal 
bovine serum), glutamine and Penstrep following standard protocols, and used 
immediately or kept at 2-8°C until use. In particular, the bioactivity of folded synthetic 
neutropoiesis stimulating proteins was determined using NFS 60 or HL-60 cell lines, in 
30 factor-dependent cell-line proliferation assays. NFS 60 is a murine leukemia cell line 
expressing the mouse G-CSF receptor whereas HL-60 is a human leukemia cell line 
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expressing the human G-CSF receptor. Both cell lines have dependence on multiple 
growth factors for growth, including granulocyte colony stimulating factors. 

For these studies, the SGP stock solutions were prepared as described above 
and added to multi-well plates to which NSF 60 or HL 60 cells at a concentration of 
5 about 5000 cells/50 fd were added. The plates were incubated at 37 *C in the 

presence of 5% CO2 and monitored daily for growth. After four days, 20 ul 2.5 mg/ml 
MTT (methylthiazol tetrazolium) in PBS (phosphate buffered saline) was added and the 
plates were incubated for four hours. 150 ul IPA was added and the absorbance of 
each well was read at 562 nm. The ED50 (effective dose to reach 50% of maximum 
10 effect) values for the SGP compounds was determined and compared to control 

standards, including recombinant human Met-G-CSF (1-174) produced in E. coli. The 
results from these experiments demonstrated that all synthetic granulocyte colony- 
stimulating proteins exhibited bioactivity in both cell lines. 

15 While the present invention has been described with reference to the specific 

embodiments thereof, it should be understood by those skilled in the art that various 
changes may be made and equivalents may be substituted without departing from the 
true spirit.and scope of the invention. In addition, many modifications may be made to 
adapt a particular situation, material, composition of matter, process, process step or 

20 steps, to the objective, spirit and scope of the present invention. All such modifications 
are intended to be within the scope of the claims appended hereto. 
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Claims 



That which is claimed is: 

1 . A method for producing a chemically-modified compound, said method 
comprising: 

(a) providing a compound bearing one or more water-soluble protecting 
groups, said water-soluble protecting group comprising a water- 
soluble polymer; and 

(b) replacing one or more of said water-soluble protecting groups of said 
compound with a chemical adduct to form a chemically-modified 
compound. 

2. The method of claim 1 , wherein said compound is selected from the 
group consisting of a lipid, carbohydrate, nucleic acid, amino acid, peptide, 
polypeptide, protein and synthetic polymer. 

3. The method of claim 1 , wherein said chemical adduct is selected from the 
group consisting of a lipid, carbohydrate, nucleic acid, amino acid, peptide, 
polypeptide, protein and synthetic polymer. 

4. The method of claim 1 , wherein said water-soluble protecting group is 
attached to said compound through a cleavable linker. 

5. The method of claim 4, wherein said cleavable linker comprises a 
covalent bond that is displaceable by said chemical adduct. 

6. The method of claim 5, wherein said covalent bond is selected from the 
group consisting of oxime, hydrazone, diol, thioester, selenoester and disulfide. 
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7. The method of claim 5. wherein said chemical adduct comprises a 
reactive functional gro U p capable of displacing said water-soluble protecting 
group. K a 

8 

fr 

and selenol 



The method of claim 7. wherein said reactive functional g roup is selected 
from me group consisdng of aminooxy. diol, aldehyde ketone, hydrazide. thiol. 



S. The method of claim 1 . wherein said water-soluble protecting group 
comprises a tepeat unit comprising a polyalkylene oxide, a polyamide alkylene 
oxide, or derivatives thereof. 

10 The method of olaim 10. wherein said po.ya.ky.ene oxide and polyamide 
alkylene oxide comprise an ethylene oxide repeat unit of the formula -(CH2- 

11. The method of claim 1 , wherein at least one of said water-soluble 
protecting groups is linear. 

12. The method of claim 1, wherein said water-soluble protecting group 
compnses a net charge under physiological conditions selected from the group 
consisting of positive, neutral and negative. 

13. The method of claim 1, wherein said water-soluble protecting group is 
mono-disperse. 



14. The method of claim 1 , wherein said compound 



is mono-disperse. 



15. The method of claim 1, wherein said chemically modified compound is 
mono-disperse. 
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16. - The method of claim 1 1 wherein said compound comprises two or more 
water-soluble protecting groups. 

17. The method of claim 16, wherein said water-soluble protecting groups are 
joined to said compound through the same linkages. 

18. A method of producing a library of chemically-modified compounds, said 
method comprising: 

(a) providing a compound bearing one or more water-soluble protecting 
groups, said water-soluble protecting group comprising a water- 
soluble polymer; 

(b) splitting said compound into first and second reaction systems; and 

(c) replacing one or more of said water-soluble protecting groups of said 
compound in said first reaction system with a first chemical adduct to 
form a first chemically-modified compound, and, optionally, replacing 
one or more of said water-soluble protecting groups of said compound 
in said second reaction system with a second chemical adduct to form 
a second chemically-modified compound, wherein said first and 
second chemical adducts are different. 

19. A method of producing a chemically-modified ligated polypeptide chain, 
said method comprising: 

(a) providing a first peptide segment bearing one or more water-soluble 
protecting groups, said water-soluble protecting group comprising a 
water-soluble polymer; 

(b) chemically ligating said first peptide segment to a second peptide 
segment to form a ligated polypeptide chain bearing one or more of 
said water-soluble protecting groups; and 

(c) replacing one or more of said water-soluble protecting groups with a 

» 

chemical adduct to form a chemically-modified ligated polypeptide 
chain. 
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20. The method of claim 1 9, wherein said first and second peptide segments 
comprise non-overlapping amino acid sequences of said polypeptide chain. 

21 . The method of claim 1 9, wherein said polypeptide chain comprises an 
amino acid sequence of a protein, and which further comprises folding said 
polypeptide chain to form a protein. 

22. The method of claim 1 9, wherein one or more of said peptide segments 
are partially protected with protecting groups other than said water-soluble 
protecting group. 

23. The method of claim 19, wherein one or more of said peptide segments 
are unprotected other than with said water-soluble protecting group. 

24. The method of claim 1 9, wherein said chemically ligating comprises a 
chemoselective ligation chemistry selected from native chemical ligation, 
extended native chemical ligation, pseudo native chemical ligation, oxime 
forming chemical ligation, hydrazone forming chemical ligation, oxazolidine 
forming chemical ligation, thaizolidine forming chemical ligation, and thioester 
forming chemical ligation. 

25. A method of producing a library of chemically-modified ligated polypeptide 
chains, said method comprising: 

(a) providing a first peptide segment bearing one or more water-soluble 
protecting groups, said water-soluble protecting group comprising a 
water-soluble polymer; 

(b) chemically ligating said first peptide segment to a second peptide 
segment to form a ligated polypeptide chain bearing one or more of 
said water-soluble protecting groups; 

(c) splitting said ligated polypeptide chain into first and second reaction 
systems; and 
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(d) replacing one or more of said water-soluble protecting groups of said 
Ugated polypeptide chain in said first reaction system with a first 
chemical adduct to form a first chemically-modified ligated polypeptide 
chain, and, optionally, replacing one or more of said water-soluble 
protecting groups of said ligated polypeptide chain in said second 
reaction system with a second chemical adduct to form a second 
chemically-modified ligated polypeptide chain, wherein said first and 
second chemical adducts are different. 

26. A kit comprising first and second containers, said first container 
comprising a compound bearing one or more water-soluble protecting groups 
sa,d water-soluble protecting group comprising a water-soluble polymer said ' 
second container comprising a chemical adduct capable of replacing one or 
more of said water-soluble protecting groups of said compound in said first 
container. 
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Multiplex Polymer Ligation 

Abstract Of The Disclosure 

The invention concerns a multiplex polymer ligation method involving water- 
soluble polymeric protecting groups, compositions and methods of use. The method 
•nvolves synthesis of a first compound bearing one or more water-soluble po.ymeric 
protecting groups followed by rep,acing one or more of the water-soluble protecting 
groups with a chemical adduct of interest. Multiple different compounds derived from 
the first compound can be readily prepared by splitting the first compound into first and 
second reaction systems, followed by replacing one or more of the water-soluble 
polymeric protecting groups of the first reaction system with a first chemical adduct 
and replacing one or more of the water-soluble polymeric protecting groups of the ' 
second reaction system with a second chemical adduct of interest, where the first and 
second chemical adducts are different. Also provided are kits useful for carrying out 
the multiplex polymer ligation methods of the invention. 

F:\DOCUMENT\GRFNV047PRV\GRFN 047PRV.doc 
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